Lobar Pneumonia: A Bacteriological and Clinical Investigation of 100 Cases by Pratt, Thomas Arthur
L O B A R  P N E U M O N I A
A B a c t e r i o l o g i c a l  and C l i n i c a l  I n v e s t i g a t i o n  
o f  100 Cases
ProQuest Number: 13905333
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 13905333
Published by ProQuest LLC(2019). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
INTRODUCTION
The work on w hich  th e  f o l lo w in g  t h e s i s  i s  b a se d  
was c a r r i e d  o u t  in  Knightswood H o s p i t a l ,  A n n ie s la n d ,  
d u r in g  th e  l a t e r  m onths o f  1929 , and in  th e  S p r in g  o f  
1930. The work com p rises  a s h o r t  resume o f  th e  ty p es  o f  
pneum ococci a t  p r e s e n t  r e c o g n i s e d .  A c l i n i c a l  a n a l y s i s  
o f  one hu ndred  c a s e s  o f  l o b a r  pneumonia w i th  s p e c i a l  r e ­
f e r e n c e  to  th e  ty p e  o f  pneumococcus p r e s e n t .  An i n v e s t i ­
g a t i o n  i n t o  th e  p e r s i s t e n c e  o f  pneum ococci i n  th e  sputum 
o f  p a t i e n t s  d u r in g  c o n v a le s c e n c e ,  an d , f i n a l l y ,  a s tu d y  
on th e  s i g n i f i c a n c e  o f  a b a c te r a e m ia  i n  c a s e s  o f  l o b a r  
pneumonia i n  r e l a t i o n  t o  p r o g n o s i s .
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SURVEY o f  th e  WORK on th e  PNEUMOCOCCAL TYPES
The o rgan ism  which i s  now r e g a rd e d  a s  th e  D ip lo co c cu s  
Pneum oniae, was f i r s t  i s o l a t e d  hy P a s t e u r  from th e  s a l i v a  o f  
a c ase  o f  r a b i e s .  To t h i s  o rgan ism  w hich  p roduced  a f a t a l  
s e p t ic a e m ia  in  r a b b i t s  he a p p l i e d  th e  term  M ic ro b e  s e p t i -  
cemique du s a l i v e 1. At th e  same t im e ,  though q u i t e  in d e p e n d ­
e n t l y ,  S te rn b e rg  d e t e c t e d  a s i m i l a r  o rg an ism  i n  t h e  m ouths o f  
h e a l t h y  i n d i v i d u a l s .  But i t  was n o t  t i l l  1886 t h a t  W e ic h se l-  
baum e s t a b l i s h e d  i t s  im p o rtan ce  a s  a c au se  o f  pneum onia.
S in c e  t h e n ,  t h e  c h a r a c t e r i s t i c s  o f  th e  pneumococcus have been  
w id e ly  i n v e s t i g a t e d ,  and c h i e f l y  th ro u g h  th e  e a r l y  work o f  
N e u f ie ld  and h i s  a s s o c i a t e s  th e  s e r o l o g i c a l  d i f f e r e n c e s  were 
r e c o g n i s e d .  T h is  l a t t e r  work was e x te n d e d  by  th e  r e s e a r c h  
w orke rs  o f  th e  R o c k e f e l l e r  I n s t i t u t e ,  who d e m o n s t r a te d ,  t h a t  
th e  pneumococcus co u ld  be c l a s s i f i e d  i n t o  two g ro u p s .  The 
fo rm er  o f  th e s e  c o n s i s t e d  o f  pneum ococci o f  Types I ,  I I  and 
I I I ,  which r e p r e s e n t e d  be tw een  70# and 80# o f  t h e  s t r a i n s  
m et w i th  i n  d i s e a s e ,  and w hich  r e p r e s e n t e d  t h r e e  a p p a r e n t l y  
f i x e d  ty p e s  o f  h i g h l y  p a r a s i t i c  o rg a n is m s .  The second and 
s m a l le r  g roup  was composed o f  a c o l l e c t i o n  o f  o rg a n is m s ,  
m o rp h o lo g ic a l ly  pneum ococci, w hich  gave no r e a c t i o n  w i th  the  
ty p e  a e ra  p r e p a re d  a g a i n s t  th e  o t h e r  f i x e d  s t r a i n s .
In  1915 i n  a n  i n v e s t i g a t i o n  on Type I I ,  A very found 
t h a t  c e r t a i n  s t r a i n s  gave what he d e s c r ib e d  as  an a t y p i c a l  
r e a c t i o n  w i th  th e  a n t ip n e u m o c o c c a l  serum o f  Type I I .  As a 
r e s u l t  o f  h i s  work, he d iv id e d  th e s e  a t y p i c a l  s t r a i n s  i n to  
t h r e e  g ro u p s ,  nam ely , Group I IA ,  I I B ,  and I IX . The f i r s t  
two su b -g ro u p s  he found were c h a r a c t e r i s e d  by  th e  p o s s e s s io n  
o f  im m u n i ty - r e a c t io n s  i d e n t i c a l  w i th  th o s e  o f  a l l  o t h e r  
s t r a i n s  o f  th e  homologous s u b - g r o u p s ,  and t h a t  th e s e  r e a c t i o n s  
were s p e c i f i c  o n ly  w i th in  th e  su b -g ro u p .  The su b -g ro u p  I IX . 
was p e c u l i a r ,  i n  t h a t  i t  seemed to  c o n s i s t  o f  a h e te ro g e n e o u s  
s e r i e s  o f  in d e p e n d e n t  s t r a i n s ,  w hich  d i d  n o t  c r o s s  i n  t h e i r  
imm unity r e a c t i o n s  w i th  th e  members o f  t h e  o t h e r  two sub ­
g r o u p s ,  o r  w i th  each  o t h e r .  By a b s o r p t io n  and p r o t e c t i v e  
t e s t s  he f u r t h e r  d e m o n s tra te d  th e  s p e c i f i c i t y  o f  h i s  su b -g ro u p s  
e s p e c i a l l y  I IA ,  and I IB .  S t i l l m a n ,  who exam ined 204 a t y p i c a l  
Type I I  s t r a i n s  c l a s s i f i e d  them i n t o  tw e lv e  d i s t i n c t  g ro u p s  
on th e  b a s i s  o f  a g g l u t i n a t i o n .  A ccord ing  to  t h i s  w orker  
a t y p i c a l  g ro u p s  a r e  o c c a s i o n a l l y  met w i th  i n  norm al m ouths .
In  more r e c e n t  work on th e s e  s u b - g r o u p s ,  d o u b t  h a s  been  c a s t  
on th e  r e l i a b i l i t y  o f  th e  p r e c i p i t i n  f o rm a t io n  a s  a b a s i s  f o r  
s u b d i v i s i o n ,  and in  t h i s  c o u n try  t h e r e  i s  th e  te n d e n c y  to  
c l a s s i f y  such  s t r a i n s  a s  v a r i a t i o n s  of Group IV.
As a t t e m p ts  have been  made to  d e m o n s t r a te  su b -g ro u p s  
i n  Type I I ,  so  a t t e m p ts  have been  made from  tim e t o  tim e to
3s u b d iv id e  Group IV. In  1928 C ooper, Edwards and R o s e n s t e in ,  
c a r r i e d  o u t  an  i n v e s t i g a t i o n  o f  120 s t r a i n s  from  c a s e s  o f  
l o b a r  pneumonia w hich  d id  n o t  a g g l u t i n a t e  o r  r e a c t  a t y p i c a l l y  
w i t h  any  o f  th e  d i a g n o s t i c  a n t i s e r a .  M onovalen t a n t i s e r a  
were p r e p a re d  and a g g l u t i n a t i o n  t e s t s  c a r r i e d  o u t .  By t h i s  
means th e  120 s t r a i n s  were d iv id e d  i n t o  10 g ro u p s .  These 
g roup s o f  o rgan ism s were a l l  i n  t u r n  i n v e s t i g a t e d  a s  r e g a r d s  
v i r u l e n c e ,  and i t  was found  t h a t  c e r t a i n  s t r a i n s  te n d e d  to  
be much more v i r u l e n t  a s  t e s t e d  on m ice th a n  some o f  th e  
o th e r  s t r a i n s .  F u r t h e r ,  p r o t e c t i o n  t e s t s  were c a r r i e d  o u t  
w i th  a c o n c e n t r a te d  a n t ib o d y  p r e p a r a t i o n  o f  Types I ,  I I  and 
I I I ,  and a homologous a n t i s e ru m  p re p a re d  f o r  t h e  p a r t i c u l a r  
s t r a i n .  I n  a l l  c a s e s ,  th e  p r o t e c t i o n  a f f o r d e d  by  t h e  homo­
lo g o u s  serum was much g r e a t e r  th a n  t h a t  p roduced  by  th e  
a n t ib o d y  p r e p a r a t i o n s  o f  Types I ,  I I  and I I I ,  w hich  were 
a lm o s t  a lw ays n e g l i g i b l e .  C ooper, Edwards and R o s e n s t e in ,  
f u r t h e r  showed t h a t  t h e i r  Groups V. and VI. c o r re sp o n d e d  to  
A v e ry fs S u b -g roup s  IIA  and I I B .  The i d e n t i t y  o f  s e v e r a l  o f  
th e  s t r a i n s  h a s  b e en  co n firm ed  by o th e r  w o rk e r s .
Thus t h e r e  a re  a t  p r e s e n t  t h r e e  f i x e d  ty p e s  f o r  
which a g g l u t i n a t i n g  s e r a  a r e  a v a i l a b l e ,  and a Group IV, th e  
members o f  w hich  so  f a r  a s  t h e y  have been  i s o l a t e d  r e a c t  o n ly  
w i th  t h e i r  homologous serum .
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TECHNIQUE EMPLOYED f o r  t h e  DETERMINATION o f  th e  
PNEUMOCOCCAL TYPES
For th e  i s o l a t i o n  and i d e n t i f i c a t i o n  o f  th e  pneumo­
coccus mouse i n o c u l a t i o n  was a lm o s t  s o l e l y  em ployed. By t h i s  
m ethod , the  p re s e n c e  o f  a s s o c i a t e d  o rgan ism s i s  n o t  so w e l l  
d e m o n s tra te d  a s  by p r im a ry  p l a t e  c u l t u r e ,  b u t  a s  t h i s  l a t t e r  
a s p e c t  was n o t  u n d e r  c o n s i d e r a t i o n ,  mouse i n o c u l a t i o n  was th e  
method a d o p te d .  As f a r  a s  p o s s i b l e  w h i te  m ice w ere  u se d  b u t  
o c c a s i o n a l l y  th e y  had  to  be r e p l a c e d  by c o lo u re d  m ic e .
In  th e  g r e a t  m a j o r i t y  o f  c a s e s  th e  m a t e r i a l  used  
was sputum o b ta in e d  from  p a t i e n t s  e i t h e r  on a d m iss io n  o r  
d u r in g  c o n v a le s c e n c e .  I n  o t h e r  c a s e s  p u r u l e n t  f l u i d  from 
p l e u r a l  c a v i t i e s ,  o r  f l u i d  o b ta in e d  by lu n g  p u n c tu re  was 
u sed  to  o b t a i n  th e  o rg an ism s . Specim ens o f  b lood were g e n e r ­
a l l y  i n o c u l a t e d  d i r e c t l y  i n t o  s u i t a b l e  f l u i d  m ed ia .
The fo l lo w in g  were th e  m ethods employed f o r  th e  
i s o l a t i o n  o f  th e  pneum ococci and d e te r m in a t io n  o f  th e  s p e c i f i c  
ty p e  s .
( I )  C o l l e c t i o n  and p r e p a r a t i o n  o f : -
A. Sputum.
The specim en o f  sputum was c o l l e c t e d  i n  a s t e r i l e  
cup and im m e d ia te ly  s e n t  to  th e  l a b o r a t o r y .  A sm a ll  p o r t i o n  
was c h o se n ,  p r e f e r a b l y  r u s t y ,  and  w i t h  r e a s o n a b ly  s t e r i l e
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p r e c a u t i o n s  was washed In  s e v e r a l  changes o f  norm al s a l i n e .
To c a r r y  o u t  th e s e  w a s h in g s , a p o r t i o n  o f  th e  sputum was 
p la c e d  i n  a sm a ll  g l a s s  m o r ta r  and g e n t l y  mixed w i th  a l i t t l e  
s a l i n e .  By means o f  a g l a s s  p i p e t t e  th e  u n d i s s o lv e d  sputum 
was removed to  a c l e a n  m o r ta r  where th e  p ro c e s s  was r e p e a t e d .  
I n  t h i s  way, th e  specim en was a s  f a r  a s  p o s s i b l e  f r e e d  from  
c o n ta m in a t io n  w i th  mouth o rg a n is m s .  A l to g e th e r  a b o u t  5ccs 
o f  s a l i n e  were u sed  i n  th e  p r o c e s s  o f  w a sh in g .  To com ple te  
t h e  e m u l s i f y in g ,  th e  washed sputum was r e p e a t e d l y  drawn up 
i n t o  a sm a ll  s y r in g e  and e x p e l l e d  th ro u g h  a medium s i z e d  
n e e d l e .  I n  t h i s  way an  em u ls io n  s u f f i c i e n t l y  f i n e  to  p a s s  
th ro u g h  a hypoderm ic n e e d le  was o b ta in e d .  F i n a l l y ,  a b o u t  
•Sees o f  th e  e m u ls io n  was drawn up i n t o  a s y r in g e  f o r  i n ­
j e c t i o n  i n t o  a mouse. In  c a s e s  where th e  sputum was v e ry  
t h i n  th e  number o f  w ashings was re d u c e d  to  one o r  two.
B. Empyema P u s .
D i r e c t  sm ears were f i r s t  made i n  ev e ry  c a s e  and th e  
p re s e n c e  o f  gram p o s i t i v e  d i p l o c o c c i  a s c e r t a i n e d .  In  p o s i t i v e  
c a s e s ,  th e  pus was e m u l s i f i e d  i n  a l i t t l e  s a l i n e  and u sed  
f o r  mouse i n j e c t i o n .
C. Lung J u ic e  C u l t u r e .
In  c a s e s  where sputum was n o t  a v a i l a b l e ,  u s u a l l y  
on a c c o u n t  o f  th e  age o f  th e  p a t i e n t ,  lu n g  p u n c tu re  was 
a d o p te d  a s  a means o f  o b t a i n i n g  th e  o rg a n ism s .  To c a r r y  t h i s
6o u t ,  th e  s k in  o f  th e  p a t i e n t  o v e r  th e  a f f e c t e d  a r e a  was r e n ­
d e re d  s u r g i c a l l y  c l e a n .  The s y r in g e  w hich  was u se d  was a 
5cc s y r in g e  f i t t e d  w i t h  a  medium s iz e d  n e e d l e ,  a b o u t  N o.18 
gauge . B e fo re  th e  n e e d le  was i n s e r t e d  l c c  o f  s t e r i l e  norm al 
s a l i n e  was drawn up  i n t o  th e  b a r r e l .  The n e e d le  was th e n  
t h r u s t  i n t o  th e  c o n s o l id a te d  a r e a  and th e  s a l i n e  s lo w ly  
i n j e c t e d .  S te ad y  s u c t io n  was th e n  a p p l i e d  and a v a ry in g  
amount o f  b lood  s t a in e d  f l u i d  was drawn i n t o  th e  s y r i n g e .
T h is  f l u i d  was t r a n s f e r r e d  to  a sm a ll  s t e r i l e  t e s t  tube  and  
ta k e n  t o  t h e  l a b o r a t o r y  where a mouse was im m e d ia te ly  i n j e c t e d .
D. B lo o d .
To o b t a i n  b lo o d ,  t h e  u s u a l  p ro c e d u re  o f  i n s e r t i n g  a 
n e e d le  i n t o  th e  m edian b a s i l i c  v e in  and d raw ing  th e  b lood  
i n t o  a s y r in g e  was a d o p te d .  Only 2 ccs  o f  b lo o d  were w ith d raw n , 
and i t  was im m e d ia te ly  i n j e c t e d  i n t o  1 5 ccs  o f  a • 1 % G lucose 
b r o t h .  The method o f  p r e p a r in g  th e  b r o t h  was a s  f o l l o w s : -
To 1 l b .  o f  f r e s h  ox f l e s h  f i n e l y  m in ced , and f r e e  
from f a t  1000 ccs  o f  d i s t i l l e d  w a te r  w ere  a d d ed . T h is  was 
k e p t  i n  a c o o l  p la c e  f o r  24 h o u r s ,  when th e  f a t  w hich  had 
r i s e n  to  th e  s u r f a c e  was rem oved. The m eat j u i c e  was th e n  
f i l t e r e d  th ro u g h  m u s l in  i n t o  a f l a s k ,  c a r e  b e in g  ta k e n  to  
e x p re s s  a s  much o f  th e  f l u i d  from  th e  m eat as p o s s i b l e .  The 
r e s u l t i n g  f l u i d  was b o i l e d  f o r  t h r e e  h o u r s ,  by w hich  p r o c e s s  
th e  a lbum inous m a t e r i a l  p r e s e n t  was c o a g u la t e d .  When c o o l ,
7i t  was f i l t e r e d  th ro u g h  C hard in  f i l t e r  p a p e r ,  made up to  1000 
c cs  w i th  d i s t i l l e d  w a te r  and •!%  o f  g lu c o s e  a d d ed . As th e  
m edia  a t  t h i s  s ta g e  had  a v e ry  a c i d  r e a c t i o n ,  th e  P.H . was 
s t a n d a r d i s e d  to  7 .8  by th e  a d d i t i o n  o f  d e c i -n o rm a l  sodium 
h y d r a t e  s o l u t i o n ,  ph en o l r e d  b e in g  u sed  as  an  i n d i c a t o r .
The media was th en  p u t  i n t o  tu b e s  and s t e r i l i s e d  a t  100°C 
on t h r e e  s u c c e s s iv e  o c c a s io n s .
( I I ) Mouse I n o c u l a t i o n  and  A utopsy
To c a r r y  o u t  t h e  i n o c u l a t i o n  th e  mouse was h e ld  
in  th e  l e f t  hand in  such a way t h a t  th e  abdom inal w a l l  was 
f r e e l y  ex p o sed .  The p a r t  was th e n  c le a n e d  w i th  s p i r i t ,  and 
*5ccs o f  t h e  i n f e c t e d  m a t e r i a l  i n j e c t e d .  T h e r e a f t e r  th e  
mouse was i s o l a t e d  i n  a s p e c i a l  j a r .
I n  p r a c t i c a l l y  e v e r y  ca se  th e  m ice were d e a d ,  o r  
s u f f i c i e n t l y  i l l  f o r  one t o  e x p e c t  a p r o f u s e  g row th  o f  
pneum ococci i n s i d e  e ig h te e n  h o u r s .  At th e  a u to p s y ,  th e  dead  
mouse was p in n ed  o u t  and th e  abdomen s in g e d  w i th  a s p a t u l a .
The s k in  was th e n  r e f l e c t e d  e x p o s in g  th e  whole o f  th e  p e r i ­
t o n e a l  s u r f a c e .  A sm a ll  open ing  was made i n  t h e  abdom inal 
w a l l  and by means o f  a p i p e t t e  and r u b b e r  t e a t  th e  abdom inal 
c a v i t y  was washed o u t  w i th  5 c cs  o f  s t e r i l e  norm al s a l i n e .
To g e t  r i d  o f  any  g r o s s  m a t e r i a l  i n  th e  w ash ings  th e  f l u i d  
was c e n t i f r u g e d  a t  low speed f o r  a few m in u te s .  The s u p e r n a t a n t  
c lo u d y  f l u i d  was th e n  p i p e t t e d  o f f  i n t o  a n o th e r  tu b e  and c e n t i -
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f ru g e d  a t  h ig h  sp eed  f o r  15 to  20 m in u te s .  A f t e r  rem oving 
th e  c l e a r  s u p e r n a t a n t  f l u i d ,  norm al s a l i n e  was added t o  th e  
d e p o s i t  o f  o rg an ism s to  form  a f a i r l y  heavy  e m u ls io n .  T h is  
em u ls io n  was u se d  f o r  ty p in g  w i th  a n t ip n e u m o c o c c ic  serum and 
f o r  th e  b i l e  s o l u b i l i t y  t e s t .
( I l l )  D e te rm in a t io n  o f  th e  Types o f  Pneum ococci.
The f i r s t  s t e p  i n  th e  d e te r m in a t io n  o f  t h e  ty p e  
was th e  p r e p a r a t i o n  o f  a f i lm  from th e  s a l i n e  e m u ls io n .  T h is  
was s t a i n e d  by grams method and th e  p re s e n c e  o f  gram p o s i t i v e  
d i p l o c o c c i  v e r i f i e d .  I f  th e  f i lm  showed a f a i r  number o f  
d i p l o c o c c i  th e  f o l lo w in g  t e s t s  were c a r r i e d  o u t .
A. A g g lu t in a t io n  method
The a n tip n e u m o c o c c ic  serum u se d  th r o u g h o u t  th e  
e x p e r im e n ts  was s u p p l i e d  by M ulford  & Co. o f  P h i l a d e l p h i a .
The d i l u t i o n s  which were u sed  a re  shown in  th e  t a b l e  be low .
TABLE I .
10 d ro p s  o f  u n d i lu t e d  Type I .  serum p lu s  10 d ro p s  o f
e m u ls io n .
10 " " 1 :5  d i l u t i o n  " I .  n " 10 11
10 " " u n d i lu t e d  ft I I .  " " 10 "
10 " " 1 :5  d i l u t i o n  n I I .  11 " 10 ”
10 n ,f u n d i l u t e d  I I I .  n n 10 ”
10 " " 1 :5  d i l u t i o n  " I I I .  " " 10 "
(F o l lo w in g  t h e i r  d i r e c t i o n s  the  tu b e s  were in c u b a te d  in  a
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w a te r  b a th  f o r  one hour a t  37 C .)
Prom tim e to  t im e  c o n t r o l s  w i th  s e r a  p ro d u ced  by 
th e  L e d e r le  A n t i to x in  L a b o r a to r i e s  New York were u se d  and th e  
r e s u l t s  in  a l l  c a se s  conform ed w i th  th e  r e s u l t s  o b ta in e d  w ith  
M ulfo rd  & Go’ s s e r a .  F u r t h e r ,  i n  a number o f  c a s e s  th e  Type 
I .  serum p r e p a r e d  by B urroughs Wellcome & Co. was u se d  a s  a 
c o n t r o l .  T h is  l a t t e r  serum was found  to  be much more p o t e n t  
th a n  th e  American p r e p a r a t i o n s .
B. B i le  S o l u b i l i t y  T e s t .
The b i l e  s o l u b i l i t y  t e s t  was c a r r i e d  o u t  i n  th e  
same r a c k  and a t  th e  same tim e  a s  th e  a g g l u t i n a t i o n  t e s t .
The p r e p a r a t i o n  u sed  was a 2$ s o l u t i o n  o f  sodium t a u r o c h o l a t e .  
The method a d o p te d  i s  shown in  T ab le  I I .
TABLE I I .
2 d ro p s  o f  2% s o l .  so d .  t a u r o c h o la t e  p lu s  8 d ro p s
e m u ls io n .
2 ,f n s a l i n e  ” " " 8 "
10-
OBSERVATIONS on th e  IDENTIFICATION o f  th e  
PNEUMOCOOCUS
The fo l lo w in g  i n t e r e s t i n g  p o i n t s  were o b se rv e d  
d u r in g  th e  work on th e  i d e n t i f i c a t i o n  o f  th e  pneum ococcus,
( I ) Time betw een i n j e c t i o n  and mouse a u to p s y
As i l l u s t r a t i n g  th e  s u s c e p t i b i l i t y  o f  m ice to  
i n o c u l a t i o n  w i th  sputum c o n ta in in g  pneum ococc i, i t  was found 
t h a t  th e  a v e ra g e  tim e  f o r  th e  m ice  t o  d i e  o r  to  a p p e a r  s u f f i c ­
i e n t l y  i l l  t o  g iv e  a  good g ro w th ,  v a r i e d  betw een  16 and 30 
h o u r s .  These  f i g u r e s  a r e  o f  c o u rs e  f o r  t h e  i n j e c t i o n  o f  
sputum o b ta in e d  from  p a t i e n t s  a t  t h e  h e i g h t  o f  th e  d i s e a s e ,  
f o r ,  when sputum from  c o n v a le s c e n t  c a s e s  was i n j e c t e d ,  th e  
mice i n  some c a s e s  su rv iv e d  f o r  a s l i g h t l y  lo n g e r  p e r i o d .
Glynn and  D igby i n  t h e i r  r e p o r t  t o  th e  M ed ica l R e se a rch  
C o u n c il  gave as  an a v e ra g e  p e r io d  f o r  th e  mice to  d i e  a f t e r  
i n j e c t i o n  as 2 7 .7  h o u rs  f o r  th e  f i x e d  t y p e s ,  and 31 .1  h o u rs  
f o r  Group IV.
( I I ) Growth o f  pneum ococci o b ta in e d  from  th e  mouse
p e r i t o n e a l  c a v i t y .
S in ce  th e  same amount o f  f l u i d  was u se d  f o r  w ash ing  
o u t  th e  p e r i t o n e a l  c a v i t i e s  o f  th e  m ic e ,  a rough e s t im a t e  o f  
th e  g row th  co u ld  be o b ta in e d  from th e  a p p e a ra n c e  o f  t h e  f l u i d .
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In  th e  g r e a t  m a j o r i t y  o f  c a s e s  th e  e m u ls io n  was q u i t e  m ilk y  
and ample f o r  ty p in g  and th e  b i l e  s o l u b i l i t y  t e s t .  T here  
were th o s e  c a s e s ,  how ever, where th e  w ash in g s  w ere  o n ly  
s l i g h t l y  c o lo u re d .  T h ese ,  on m ic ro s c o p ic  e x a m in a t io n  were 
found  to  c o n s i s t ,  e i t h e r  o f  a p u re  b u t  s c a n ty  g row th  of 
pneum ococci, o r  were due to  a mixed i n f e c t i o n .  The l a t t e r  
were met w i th  o c c a s i o n a l l y  when th e  s p u ta  from c o n v a le s c e n t  
c a s e s  w ere  exam ined.
{ I l l )  B i le  S o l u b i l i t y .
T h is  t e s t  was a p p l i e d  to  e v e ry  s t r a i n  o f  pneumo­
coccus and  was d e f i n i t e l y  p o s i t i v e  i n  a l l  b u t  a few c a s e s .
I n  th e s e  few c a se s  e x a m in a t io n  o f  th e  tu b e s  showed t h a t  
p a r t i a l  c l e a r i n g  had o c c u r r e d .  Two s t r a i n s  how ever, t h e  
i d e n t i t y  o f  w hich  was co n firm ed  b y  B urrough W ellcom e»s serum 
in  a d i l u t i o n  o f  1 i n  3 0 ,  were i n s o l u b l e  i n  th e  sodium 
t a u r o c h o la t e  s o l u t i o n .
( IV ) M acroscop ic  A g g l u t i n a t i o n .
As p r e v i o u s ly  s t a t e d  th e  serum u sed  was p r e p a r e d  
by M ulford  & Co. o f  P h i l a d e l p h i a .  The r e a c t i o n s  w hich  o c c u r re d  
were a lw ays q u i t e  d e f i n i t e ,  though  th e  tim e f o r  a g g l u t i n a t i o n  
to  t a k e  p la c e  and  th e  amount o f  a g g l u t i n a t i o n  v a r i e d  s l i g h t l y  
a c c o rd in g  t o  th e  age of th e  serum . When f r e s h  b a tc h e s  o f  
serum w ere u se d  t h e  r e a c t i o n s  o c c u r r e d  im m e d ia te ly  th e
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em u ls io n  o f  o rgan ism s was added t o  th e  serum . At no tim e 
d id  c r o s s  a g g l u t i n a t i o n  o c c u r  even though  p u re  serum was u se d  
in  c e r t a i n  o f  th e  t u b e s .
(V) S ta in e d  s l i d e ,  ^ M ic ro sco p ic  A g g l u t in a t io n  T e s t 11.
In  a d d i t i o n  to  th e  f o r e g o i n g ,  a m ic ro s c o p ic  
a g g l u t i n a t i o n  t e s t  was c a r r i e d  o u t  i n  c o n ju n c t io n  w i th  th e  
m ac ro sc o p ic  t e s t .  T h is  s l i d e  method h a s  r e c e n t l y  been  ad v o ­
c a te d  by  w orkers  i n  A m erica , who h o ld  t h a t  i t  i s  e q u a l ly  a s  
a c c u r a t e  a s  th e  o l d e r  m ethod. The p ro c e d u re  in  c a r r y i n g  o u t  
th e  t e s t  i s  a s  f o l l o w s : -
A g l a s s  s l i d e  was marked o f f  i n t o  f o u r  p a r t s  w i th  
a b lu e  p e n c i l .  On to  each  a l o o p f u l  o f  th e  b a c t e r i a l  e m u ls io n  
t o  be t e s t e d  was p l a c e d .  The f i r s t  sp a c e  was th e n  sm eared 
w i th  a l o o p f u l  o f  Type I .  a n t ip n e u m o c o c c a l  a g g l u t i n a t i n g  
serum , th e  second  w i t h  Type I I .  se rum , th e  t h i r d  with Type I I I .  
serum and th e  f o u r t h  w i th  s a l i n e  a s  a c o n t r o l .  The smear was 
made t h i n  so t h a t  i t  d r i e d  r a p i d l y .  I t  was th e n  s t a i n e d  f o r  
h a l f  a m in u te  w i th  a 10# s o l u t i o n  o f  c a r b o l  f u c h s i n ,  washed 
i n  w a te r  and d r i e d .  E x tr a  c a r e  had to  be  e x e r c i s e d  in  th e  
w ashing  o f  th e  s l i d e  a s  th e  f i lm s  w e re  v e ry  e a s i l y  washed o f f .
On e x a m in a t io n ,  th e  specim en i f  p o s i t i v e  f o r  any  one o f  th e  
f i x e d  ty p e s  showed a g g l u t i n a t i o n  f o r  th e  c o r r e s p o n d in g  a n t i ­
serum , a s  ev id en ced  by c lo s e  c lum ping t o g e t h e r  o f  th e  o rg a n is m s .  
Sometimes in  th e  s a l i n e  c o n t r o l  th e  o rgan ism s showed a c e r t a i n
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amount o f  g a t h e r i n g  t o g e t h e r ,  b u t  a t  no tim e d id  i t  cause  
any d i f f i c u l t y  i n  th e  r e c o g n i t i o n  o f  t h e  p re s e n c e  o r  a b sen c e  
o f  s p e c i f i c  a g g l u t i n a t i o n .  I n  no i n s t a n c e  d id  c r o s s  a g g lu ­
t i n a t i o n  occu r  a s  e v id e n ce d  by th e  a p p e a ra n c e  o f  clum ping 
in  more than  one s e c t i o n  o f  th e  s l i d e .  When compared w i t h  
th e  m ac ro sc o p ic  method i t  was found to  a g re e  in  ev e ry  c a s e .  
The method h a s  th e  a d v an tag e  o f  b e in g  s im p le  and l i t t l e  serum 
i s  r e q u i r e d .
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CLINICAL INVESTIGATION o f  th e  
SEROLOGICAL TYPES
(A) Type I n c id e n c e
In  th e  p r e s e n t  s e r i e s  100 c a s e s  were i n v e s t i g a t e d .  
These were n o t  c o n f in e d  t o  any p a r t i c u l a r  age g ro u p ,  s a v e ,  
t h a t  no c ase  o ve r s i x t y  y e a r s  o f  age was i n c l u d e d ,  b u t  were 
s e l e c t e d  a c c o rd in g  to  the  d i s t r i b u t i o n  o f  t h e  pneumonic con­
d i t i o n  in  th e  lu n g .  As f a r  a s  p o s s i b l e ,  o n ly  c a s e s  w i th  a 
l o b a r  d i s t r i b u t i o n  w ere  in c lu d e d .  A l l  c a s e s  c l i n i c a l l y  
pneum onia , b u t  where t u b e r c l e  b a c i l l i  were found  in  th e  
sputum were e x c lu d e d .  As t h e r e  was no i n f l u e n z a  p r e v a l e n t  
a t  th e  t im e when th e  i n v e s t i g a t i o n s  were made th e  d i f f i c u l t y  
i n  d i f f e r e n t i a t i n g  th e  pneumonic c o n s o l i d a t i o n  o c c u r r in g  in  
t h a t  c o n d i t i o n  d id  n o t  a r i s e .  F u r t h e r ,  c a s e s  where th e  
pneumococcus c o u ld  n o t  be  i s o l a t e d  w ere  e x c lu d e d  from th e  
s e r i e s ,  so t h a t  a l l  th e  c a s e s  ch osen  f o r  e x a m in a t io n  were 
pneum ococcal i n  o r i g i n .
As a r e s u l t  o f  the  s e r o l o g i c a l  t e s t s  pneum ococci 
b e lo n g in g  to  th e  t h r e e  f i x e d  ty p e s  w ere  fo u n d  to  be p r e s e n t  
in  t h e  m a j o r i t y  o f  th e  c a s e s .  I n  th e  r e m a in d e r ,  pneum ococci 
w ere  o b ta in e d  which gave no r e a c t i o n  w i th  th e  a g g l u t i n a t i n g  
s e r a  o f  th e  f i x e d  ty p e s  and w hich were a c c o r d i n g l y  r e g a r d e d  
a s  Group IV. o rg a n is m s .  The in c id e n c e  o f  t h e s e  v a r io u s  s t r a i n s
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o f  pneum ococci i n  th e  p r e s e n t  s e r i e s  i s  shown i n  T ab le  I I I .
TABLE I I I .
In c id e n c e  o f  t h e  ty p e s  i n  100 Cases 
_________ o f  L obar Pneumonia_________
Type I .  Type I I .  Type I I I .  Group IV .
38 35 4 23
As s t a t e d  abo ve , t h e s e  f i g u r e s  in c lu d e  a l l  age g r o u p s ,  so t h a t  
f o r  com pariso n  w i th  o th e r  f i g u r e s  w here  a d u l t s  a lo n e  w ere e x ­
amined a l l  c a se s  o c c u r r in g  in  c h i l d r e n  w i l l  have  to  be e x ­
c lu d e d .  I f  t h e r e f o r e ,  a l l  ages  up to  f i f t e e n  y e a r s  a r e  e x ­
c lu d e d ,  th e n  th e  p e rc e n ta g e  in c id e n c e  o f  th e  v a r i o u s  ty p e s  
among a d u l t s  w i l l  be a s  shown i n  T ab le  IV.
TABLE IV.
( Type in c id e n c e  among A d u l t s )
Type I .  Type I I .  Type I I I . Group IV.
33*8$ 3 8 .4 #  4 .6 #  23#
When th e s e  f i g u r e s  a r e  compared w i th  th e  a v e ra g e  B r i t i s h  
f i g u r e s  i t  w i l l  be found  t h a t  t h e r e  i s  a d im in u t io n  in  Type 
I .  and Group IV , and an  in c r e a s e  i n  Type I I .  T h is  d i f f e r e n c e  
i s  n o t  so marked h o w e v er ,  when th e  a v e ra g e  B r i t i s h  f i g u r e s  a r e  
compared w i t h  th e  f i g u r e s  in  T ab le  H I .
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TABLE V.
Average B r i t i s h  f i g u r e s  f o r  In c id e n c e  
___________ o f  th e  Types_________________
Type I .  Type I I . Type I I I .  Group IV.
3 8 .2 $  3 0 .8 $  3 .9 $  27$
I n  1920 Dr G ran t i n  th e  C i ty  o f  Glasgow H o s p i t a l ,  
R u c h i l l ,  examined a s e r i e s  o f  c a s e s  and found  t h a t  Type I I .  
o rgan ism s were p r e s e n t  i n  a b o u t  50# o f  c a s e s .  D av id son  and  
McLachlan i n  E d inbu rg h  found t h a t  i n  t h e i r  c a s e s  Type I .  
p re d o m in a te d ,  b e in g  p r e s e n t  i n  64# o f  c a s e s .  G r i f f i t h  i n  
1920 , i n  a d i s t r i c t  i n  E ng land  i n v e s t i g a t e d  th e  p r e s e n c e  o f  
th e  pneum ococcal t y p e s ,  and a t  a l a t e r  d a t e  he i n v e s t i g a t e d  
a f u r t h e r  s e r i e s  o f  c a s e s  i n  th e  same d i s t r i c t .  He fo u n d ,  
t h a t  w h i le  Type I .  rem a in ed  f a i r l y  c o n s t a n t  i n  th e  two 
o c c a s i o n s ,  Type I I .  and Group IV . showed a marked a l t e r a t i o n .  
On h i s  f i r s t  e x a m in a t io n  Type I I  was p r e s e n t  i n  3 2 .6 #  o f  
c a s e s ,  w h i le  a t  th e  second  e x a m in a t io n  th e  in c id e n c e  had  
f a l l e n  to  7 .4 # .  T here  was a c o r r e s p o n d in g  a l t e r a t i o n  i n  th e  
i n c id e n c e  o f  Group IV. A rm strong i n  1921 i n  a sm a ll  s e r i e s  
o f  c a s e s  found  Types I # and I I .  p r e s e n t  i n  a v e ry  h ig h  p r o ­
p o r t i o n ,  w h i le  Group IV . was m a rk e d ly  r e d u c e d .
T u rn in g  now to  th e  c a s e s  o f  15 y e a r s  and u n d e r ,  which 
were n o t  in c lu d e d  i n  T ab le  IV , i t  was found  t h a t  t h e r e  was
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q u i t e  an  a p p r e c i a b le  d i f f e r e n c e  i n  th e  i n c id e n c e  o f  th e  t y p e s ,  
compared w i th  th e  f i g u r e s  f o r  th e  l a t e r  y e a r s  o f  l i f e .  As 
w i l l  be seen  from  T ab le  V I. t h e r e  was an  i n c r e a s e  i n  Type I .  
and a f a l l  i n  Type I I ,  w h i le  Group IV. rem a in e d  v e ry  much th e  
same.
TABLE V I.
I n c id e n c e  o f  Types i n  35 c h i l d r e n  
_______ (15 y e a r s  and u n d e r )________
Type I .  Type I I .  Type I I I .  Group IV. ( T o ta l )
No. o f
c a s e s .  16 9 1 9 35
% 4 5 .7  2 5 .7  2 .8  2 5 .7
The h i g h  in c id e n c e  o f  Type I .  i n  T ab le  V I. may be r e l a t e d  to  
th e  f a c t  t h a t  i n  a b o u t  30# o f  th e  c a s e s  th e  o rg an ism s  were 
o b ta in e d  by lu n g  p u n c tu r e .
I t  would t h e r e f o r e  seem t h a t  v a r i a t i o n s  i n  th e  
p r e v a le n c e  o f  th e  f i x e d  ty p e s  may o c c u r  i n  d i f f e r e n t  d i s t r i c t s  
though  th e  f i g u r e s  f o r  th e  whole c o u n t r y  rem a in  f a i r l y  e v e n ,  
and t h a t  i n  any one d i s t r i c t  a v a r i a t i o n  in  th e  ty p e  may 
occu r  from  t im e  to  t im e .
(B) C l i n i c a l  A n a ly s i s .
As shown in  T a b le s  I I J  and IV , th e  c a s e s  i n  th e  
p r e s e n t  s e r i e s  co u ld  be c l a s s i f i e d  i n t o  f o u r  g r o u p s ,  a c c o rd in g  
to  t h e  s e r o l o g i c a l  r e a c t i o n  o f  t h e  o rg an ism s  p r e s e n t .  An
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a t t e m p t  was t h e r e f o r e  made to  d i s c o v e r  i f  t h i s  c l a s s i f i c a t i o n  
co u ld  be d i s t i n g u i s h e d  by c l i n i c a l  e x a m in a t io n .
Age Group
The f i r s t  p o i n t  t o  be i n v e s t i g a t e d  i n  t h i s  a n a l y s i s  
was th e  in c id e n c e  o f  th e  ty p e s  i n  th e  v a r io u s  age g ro u p s .
Age Type I
TABLE 
. Type I I .
V I I .
Type I I I . Type IV. T o ta l M o r t a l i t y
1 - 5 5 _ 3 8 1
6 -1 0 5 5 1 4 15 -
11-15 6 4 - 2 12 -
16-20 6 9 1 7 23 -
21-25 2 6 1 2 11 2
26-30 6 4 - 2 12 3
31-35 - 4 1 - 5 3
36-40 4 - - 2 6
41-45 1 1 - - 2 -
46-50 1 1 - 1 3 -
51-55 - 1 - - 1 -
56-60 2 - - - 2 -
As w i l l  be se en  from  T ab le  V I I .  t h e  g r e a t e s t  number o f  
o c c u r r e d  be tw een  th e  a g e s  o f  16 and 3 0 ,  t h a t  i s ,  i n  th e  
f i f t e e n  y e a r s  o f  l i f e .  The n e x t  l a r g e s t  age  g rou p  was
c a s e s
second
t h a t
19 -
from  1 to  15 y e a r s .  These f i g u r e s  a r e  s l i g h t l y  lo w e r  th a n  
th e  r e s u l t s  g iv e n  in  th e  M ed ica l R e se a rc h  C o u n c il  R e p o r t  in  
1923 where th e  g r e a t e s t  in c id e n c e  was p la c e d  be tw een  th e  2 0 th  
and 4 0 th  y e a r s .  When e a c h  f i v e  y e a r s  was s e p a r a t e l y  con­
s i d e r e d ,  th e  g r e a t e s t  number o c c u r re d  be tw een  t h e  a g e s  o f  16 
and 20 . As r e g a r d s  th e  in c id e n c e  o f  th e  v a r i o u s  t y p e s ^ i t  
was found  t h a t  u n d e r  the  age o f  f i v e  y e a r s  Type I .  and Group 
IV. o rg an ism s  p re d o m in a te d .  T h e r e a f t e r  t h e  o n ly  p o i n t  o f  
i n t e r e s t  was th e  p redom inance  o f  th e  f i x e d  ty p e s  o v e r  Group 
IV . f o r  any  o f  the  age  g ro u p s ,  save  in  t h e  age  g ro u p  16 to  
20 where a f a i r l y  l a r g e  number o f  Group IV. c a s e s  were met 
w i th .
Time e l a p s i n g  be tw een  o n s e t  and a d m is s io n  to  h o s p i t a l .
The n e x t  p o i n t  i n v e s t i g a t e d  was th e  p e r io d  o f  t im e  
e l a p s i n g  be tw een  th e  o n s e t  o f  th e  c o n d i t i o n  and a d m is s io n  
to  h o s p i t a l ,  w i th  a view to  f i n d i n g  i f  t h e  o n s e t  o f  any  one 
o f  th e  t y p e s ,  b e in g  more s e v e re  t h a n  a n o t h e r ,  would be i n ­
d i c a t e d  by a s h o r t e r  tim e  e l a p s i n g  b e f o r e  a d m is s io n  t o  h o s p i t a l .  
When worked o u t  i t  was found t h a t  o n ly  a v e r y  s l i g h t  d i f f e r ­
ence  e x i s t e d  be tw een  th e  t y p e s .  B u t ,  sm a l l  a s  th e  d i f f e r e n c e  
w as , i t  shewed t h a t  i n  Group IV. c a s e s  a s l i g h t l y  l o n g e r  
p e r io d  e la p s e d  th a n  in  th e  c a s e s  due to  th e  f i x e d  t y p e s .  The 
a c t u a l  f i g u r e s  a r e  shown i n  T ab le  V I I I .
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TABLE V I I I .
Average number o f  days be tw een  o n s e t  and 
__________ a d m iss io n  to  h o s p i t a l ____________
Type I ,  Type I I .  Type I I I . Group IV .
D ays. 3 .7 3 $  3 .5 $  4$ 4 .2 $
P re v io u s  H i s t o r y
The number o f  c a s e s  i n  th e  p r e s e n t  s e r i e s  g iv in g
a h i s t o r y  o f  p r e v io u s  a t t a c k s  o f  r e s p i r a t o r y  d i s e a s e  was r e ­
l a t i v e l y  s m a l l .  As w i l l  be se en  from T ab le  IX , 12% gave
a h i s t o r y  o f  p r e v io u s  a t t a c k s  o f  pneum onia , Q% a h i s t o r y
o f  b r o n c h i t i s ,  1% a h i s t o r y  o f  i n f l u e n z a  and 1% a h i s t o r y  
o f  p l e u r i s y ,  g iv in g  a t o t a l  o f  22% w i th  a h i s t o r y  o f  p r e v io u s  
r e s p i r a t o r y  d i s e a s e .
TABLE IX.
I n c id e n c e  o f  P r e v io u s  R e s p i r a t o r y  
D is e a s e
Type
I . £
Type
I I . $
Type
I I I . t
Group
IV. £ Totj
Pneum onia. 6 1 5 .7 2 5 .7 - 4 1 7 .3 12
B r o n c h i t i s . 2 5 .2 3 8 .6 - - 3 13 8
P l e u r i s y . . . - - 1 2 .8 - - - - 1
I n f l u e n z a . . 1 2 .8 - _ 1
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When s e p a r a t e d  o u t  a c c o r d in g  to  th e  v a r io u s  t y p e s ,  
i t  was o b s e rv e d ,  t h a t  w h i le  t h e r e  wap l i t t l e  d i f f e r e n c e  i n  
th e  t o t a l  in c id e n c e  o f  p r e v io u s  r e s p i r a t o r y  d i s e a s e  i n  Types
I .  and I I ,  t h e r e  was a s l i g h t l y  g r e a t e r  in c id e n c e  i n  Group IV. 
When th e  i n d i v i d u a l  d i s e a s e s  were s e p a r a t e l y  c o n s i d e r e d ,  i t  
was fo und  t h a t  pneumonia o c c u r r e d  l e s s  f r e q u e n t l y  i n  Type I I .  
than i n  th e  o th e r  ty p e s  and t h a t  b r o n c h i t i s  o c c u r r e d  w i th  
g r e a t e r  f r e q u e n c y  in  Group IV.
I t  i s  o f  i n t e r e s t  t o o ,  t h a t  o f  th e  c a s e s  i n  Group 
IV. i n  which a h i s t o r y  o f  pneumonia was o b t a i n e d ,  a l l  had  had 
two o r  t h r e e  p re v io u s  a t t a c k s ,  w h i le  i n  th e  f i x e d  ty p e s  no 
c a se  had more th a n  one p r e v io u s  a t t a c k  o f  pneum onia.
As i t  was d i f f i c u l t  i n  many i n s t a n c e s  to  o b t a i n  an 
a c c u r a t e  h i s t o r y  in  th e  c a se  o f  c h i l d r e n ,  t h e  i n c id e n c e  o f  
p r e v io u s  r e s p i r a t o r y  d i s e a s e  was c a l c u l a t e d  i n  th e  a d u l t s  
a lo n e ,  and i t  was found  t h a t  a g r e a t e r  p r o p o r t i o n  o f  t h e s e  
had  s u f f e r e d  from  p r e v io u s  r e s p i r a t o r y  d i s e a s e  th an  th e  f i g u r e s  
i n  T ab le  IX. would i n d i c a t e .  In  Types I .  and I I .  th e  in c id e n c e  
was 27.2%  and 30.7%,  and i n  Group IV. 4 2 .8 $ .  These l a t t e r  
f i g u r e s  a r e  in  k e e p in g  w i th  th e  r e s u l t s  o f  th e  Jo h n s  H opkins 
H o s p i t a l  where th e  in c id e n c e  in  Group IV. c a s e s  was l i k e w i s e  
much g r e a t e r  th a n  i n  any  o f  th e  o t h e r  t y p e s .  T here  was o n ly  
a s l i g h t  d i f f e r e n c e  in  t h e i r  f i g u r e s  be tw een  th e  f i x e d  t y p e s .
Prom t h e s e  f i g u r e s  i t  would seem t h a t  w here  t h e r e  i s
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a h i s t o r y  of p r e v io u s  r e s p i r a t o r y  d i s e a s e ,  e s p e c i a l l y  a 
h i s t o r y  o f  s e v e r a l  a t t a c k s  o f  pneum onia, i n d i v i d u a l s  a r e  more 
l i k e l y  to  be a f f e c t e d  by  a  Group IV. o rg an ism .
I n i t i a l  Sym
a s  f a r  a s  p o s s ib l e  t o  r e l a t e  th e  f a c t s  i n  t h e i r  own w ords .
When th e y  were too  i l l  on a d m is s io n  t o  g iv e  a  com ple te  a c c o u n t ,  
t h e  f a c t s  were a m p l i f i e d  as  soon a s  c o n v a le s c e n c e  had  begun .
I n  th e  case  o f  c h i l d r e n  who were o f t e n  too  young to  g iv e  an  
a c c u r a t e  h i s t o r y  th e  d e t a i l s  were o b ta in e d  from  r e l a t i v e s .
y e a r s  o f  a g e ,  i t  was found  t h a t  th e  commonest symptoms were 
v o m i t in g ,  p a in  in  th e  s i d e ,  cough , headache  and s h i v e r i n g .
The in c id e n c e  o f  v o m it in g  and p l e u r i t i c  p a in  was s l i g h t l y  
g r e a t e r  i n  th e  f i x e d  ty p e s  th an  i n  Group IV . W ith  t h e s e  e x c e p ­
t i o n s  th e  i n i t i a l  symptoms showed l i t t l e  d i f f e r e n c e  be tw een  
th e  v a r i o u s  t y p e s .  Among th e  a d u l t s ,  th e  o r d e r  o f  f r e q u e n c y  
o f  t h e  i n i t i a l  symptoms was s l i g h t l y  d i f f e r e n t  from  t h a t  u n d e r  
s i x t e e n  y e a r s  o f  a g e .  I n  t h e  a d u l t  age g roup  p l e u r i t i c  p a in  
and s h i v e r i n g  were th e  commonest symptoms and v o m it in g  o c c u r r e d  
l e s s  f r e q u e n t l y  in  t h i s  th a n  in  th e  younger age g ro u p .  These 
symptoms in  th e  o r d e r  o f  t h e i r  f r e q u e n c y  a r e  shown i n  T ab le  X.
I: lg th e  h i s t o r y ,  th e  p a t i e n t s  were a l lo w e d
T aking  f i r s t  th e  symptoms o f  p a t i e n t s  u n d e r  s i x t e e n
TABLE/
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TABLE X.
In c id e n c e  o f  I n i t i a l  symptoms
In c id e n c e  i n  a d u l t s
Under  a c c o rd in g  to  typ e__________
16 y e a r s  A d u lts
p e r  c e n t  p e r  c e n t  Type I , Type I I . Type I I I .  Group IV.
P l e u r i t i c
pa i n ............ 4 8 .5 63 6 3 .6 68 100 4 6 .6
S h i v e r i n g . . . 3 1 .4 60 7 2 .7 56 66 5 3 .3
V o m i t in g . . . . 68 .2 4 4 .4 50 40 - 5 3 .3
Cough.............. 4 2 .8 3 6 .9 4 0 .9 40 33 2 6 .6
H eadache . . . . 40 3 6 .9 3 6 .4 40 66 40
Abdominal 
p a i n ............ 4 .6 9 .1 4
P a in  i n  
s h o u l d e r . . 4 .6 - 8 6 .6
P a in  i n  back 7 .2 9 .1 8 6 .6
D yspnoea . . . . 4 .6 9 .1 4
E p i s t a x i s . . . 3 4 .5
When th e  v a r io u s  ty p es  were com pared, s h i v e r i n g ,  p l e u r i t i c  
p a in  and cough were found to  o c cu r  more f r e q u e n t l y  i n  th e  
f i x e d  ty p e s  th a n  i n  Group IV . The o n ly  one symptom which was 
d e f i n i t e l y  more f r e q u e n t  i n  one ty p e  th a n  a n o th e r  was s h i v e r ­
i n g ,  and t h i s  a s  shown i n  T ah le  X. o c c u r r e d  in  7 2 .6 #  o f  t h e  
c a s e s  i n  Type I ,
T here  i s  th u s  l i t t l e  o r  no e v id e n c e ,  a p a r t  from  th e
24
i n c id e n c e  o f  s h i v e r in g  in  Type I ,  t h a t  any  t r a i n  o f  symptoms 
i s  more c h a r a c t e r i s t i c  o f  one type  th a n  a n o th e r .
T e m p e ra tu re .
As a l l  t h e  c a s e s  were t r e a t e d  i n  h o s p i t a l  a few 
days had  to  e la p s e  in  m ost c a s e s  e r e  th e  p a t i e n t s  came u n d e r  
o b s e r v a t i o n ,  so  i t  was im p o s s ib le  t o  a s c e r t a i n  th e  te m p e ra tu re  
a t  th e  o n s e t  o f  th e  i l l n e s s .  I t  was found  h o w ever ,  t h a t  a t  
th e  t im e  of a d m iss io n  f u l l y  70# o f  th e  c a s e s  had  a t e m p e r a tu re  
o ve r  102°P . Between the  ty p e s  t h e r e  was l i t t l e  o r  no d i f f e r ­
e n c e ,  even  th e  c a se s  i n  Group IV. had t e m p e ra tu re s  e q u a l l y  
a s  h ig h  a s  th e  f i x e d  t y p e s .  When th e  t e m p e r a tu r e s  d u r in g  th e  
c o u rse  o f  th e  i l l n e s s  were exam ined , i t  was found  t h a t  i n  
Type I .  c a s e s ,  th e  te m p e ra tu re  showed l e s s  te n d e n c y  to  r e ­
m is s io n s  and m a in ta in e d  a s l i g h t l y  h i g h e r  l e v e l  th a n  i n  th e  
o t h e r  t y p e s .
W ith  r e g a r d  to  th e  t e r m in a t io n  o f  th e  p y r e x ia  58# 
ended by  c r i s i s  and 39# by  l y s i s .  I n  th e  fo rm er  g roup  th e  
m a j o r i t y  o f  th e  c a s e s  re a c h e d  th e  norm al l e v e l  w i t h in  tw e lv e  
h o u r s ,  i n  th e  re m a in d e r  th e  c r i s i s  e x te n d e d  o v e r  tw e n ty  f o u r  
h o u r s .  Of th e  c a s e s  en d in g  by l y s i s  th e  m a j o r i t y  r e a c h e d  th e  
norm al l e v e l  i n  from  th r e e  to  f o u r  d a y s .  When th e  i n d i v i d u a l  
ty p e s  were exam ined , no marked d i f f e r e n c e  e x i s t e d  a s  t o  t h e  
f r e q u e n c y  w i th  w hich  c r i s i s  o c c u r r e d .
The day on which th e  c r i s i s  o c c u r r e d  was n e x t  
i n v e s t i g a t e d ,  and i t  was found  t h a t  th e  g r e a t e s t  number
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o c c u r r e d  on th e  s e v e n th  d a y .  Of th e  o t h e r  d a y s ,  th e  s i x t h  
and  n i n t h  had  a s l i g h t l y  h i g h e r  in c id e n c e  th a n  th e  f i f t h  and  
e i g h t h .  As w i l l  he  seen  from  T ab le  X I .  th e  c a s e s  i n  Type I I .  
te n d e d  to  t e r m in a te  by c r i s i s  e a r l i e r  t h a n  i n  th e  o t h e r  t y p e s .
TABLE X I.
Time o f  C r i s i s
Day o f  
C r i s i s Type I . Type I I .  Type I I I .  Group IV. T o ta l P e rc e n ta g e
4
5 6 1 7 12 .1
6 6 4 1 11 19
7 3 5 2 6 16 2 7 .5
8 4 3 2 9 1 5 .5
9 6 2 3 11 19
10 3 1 4 6 .9
From an  e x a m in a t io n  o f  th e  te m p e r a tu re  c h a r t s  t h e r e  
was no o u t s t a n d in g  d i f f e r e n c e  betw een  th e  v a r i o u s  t y p e s .
Cases were met w i t l f  i n  a l l  ty p e s  where th e  t e m p e r a tu re  r a n  a 
h ig h  and  c o n t in u o u s  co u rse  and  ended by c r i s i s  i n  a few h o u r s  . 
But a s  p r e v i o u s ly  s t a t e d ,  o v e r  a l l  c a s e s ,  t h e r e  was a g r e a t e r  
te n d e n c y  f o r  r e m is s io n s  to  o c cu r  in  th e  t e m p e r a tu r e s  i n  c a s e s  
i n  Type I I .  and Group IV . th a n  i n  c a s e s  b e lo n g in g  to  Type I .
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P u lae  R e s p i r a t i o n  R a t i o .
The p u ls e  r e s p i r a t i o n  r a t i o  i s  u s u a l l y  h e ld  t o  he 
a b o u t  1 :3  i n  c a se s  o f  l o b a r  pneum onia. I n  t h e  p r e s e n t  s e r i e s  
f u l l y  70$ o f  th e  c a s e s  had a p u l s e  r e s p i r a t i o n  r a t i o  be tw een  
1 : 2 .6  and 1 : 3 . 7 .  Only 7$ had a r a t i o  g r e a t e r  th a n  1 : 2 . 6 .
Abraham i n  h i s  s e r i e s  o f  c a s e s  foiind t h a t  th e  r a t i o  v a r i e d  
betw een  1 :3  and 1 : 4 .5  . In  o n ly  12$ o f  h i s  c a s e s  d id  he  m eet 
w i th  a r a t i o  o f  1 :2  o r  1 : 1 ; 5 .
The o n ly  p o i n t  o f  n o t e  be tw een  th e  ty p e s  was a 
s l i g h t l y  g r e a t e r  p e rc e n ta g e  o f  Type I .  c a s e s  w i th  a r a t i o  
o f  1 :3  o r  g r e a t e r .
D i s t r i b u t i o n  o f  Pneumonic A re a s .
The d i s t r i b u t i o n  o f  pneumonic a r e a s  was n e x t  con ­
s id e r e d  and i t  was found t h a t  th e  r i g h t  lu n g  was in v o lv e d  in  
53$ o f  t h e  c a s e s  and th e  l e f t  lu n g  i n  47 $ . These f i g u r e s  d i f f e r  
s l i g h t l y  from  th o s e  p u b l i s h e d  by  O s ie r ,  who found a t  100 
a u t o p s i e s  t h a t  th e  r i g h t  lu n g  was in v o lv e d  i n  5 1 $ , th e  l e f t  
lu n g  in  32$ and b o t h  lu n g s  i n  17$ . J a u g e n s i n ,  i n  a s e r i e s  o f  
6 ,6 6 6  c a s e s  found th e  r i g h t  lu n g  in v o lv e d  i n  5 3 .7 $ ,  th e  l e f t  
lu n g  in  3 8 .2 $  and b o th  lu n g s  i n  8$ .
Though l i t t l e  d i f f e r e n c e  e x i s t e d  a s  t o  t h e  p a r t i c u l a r  
lu n g  in v o lv e d  t h e r e  was a c o n s i d e r a b l e  v a r i a t i o n  in  th e  l o b a r  
in v o lv e m e n t .  In  th e  l e f t  lu n g  th e  u p p e r  lo b e  was in v o lv e d  
i n  2$ o f  t h e  c a se s  w h i le  th e  lo w er  was in v o lv e d  i n  45$ o f  t h e
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c a s e s .  In  th e  r i g h t  lu ng  th e  u p p e r  lo b e  was in v o lv e d  i n  23$ 
and th e  low er lo b e  in  30$.
When th e  age g ro u p s  1-15  and 16-60 w ere  c o n s i d e r e d ,  
i t  was found  t h a t  i n  b o th  g rou ps  th e  l e f t  lo w er  lo b e  was 
more o f t e n  in v o lv e d  th an  t h e  r i g h t  lo w er  l o b e ,  and  t h a t  t h e  
r i g h t  ap ex  was much more commonly a f f e c t e d  t h a n  th e  l e f t  a p e x .  
I t  was a l s o  o b se rv ed  t h a t  th e  u p p e r  lo b e s  w ere  more o f t e n  
a f f e c t e d  i n  th e  younger age g roup  th a n  in  th e  o l d e r  age  g ro u p .  
The a c t u a l  in c id e n c e  in  t h e  two g ro u p s  was 3 1 .5 $  and 2 0 .1 $  
r e s p e c t i v e l y .
Between th e  v a r io u s  ty p e s  t h e r e  was no marked 
d i f f e r e n c e  a s  to  w hich  lu n g  was in v o lv e d .  I n  Type I .  c a s e s  
th e  l e f t  lu n g  was s l i g h t l y  more o f t e n  a f f e c t e d  th a n  th e  r i g h t .  
In  Type I I .  t h e  r e v e r s e  was th e  c a s e ,  w h i le  i n  Group IV. c a s e s  
th e  lu n g s  were in v o lv e d  w i th  th e  same f r e q u e n c y .
Sputum.
The p re s e n c e  o r  ab sen ce  o f  sputum in  c a s e s  o f  
pneumonia v a r i e s  to  a c o n s id e r a b le  e x t e n t  w i th  t h e  age o f  th e  
p a t i e n t .  Among th e  a d u l t s  i n  t h e  p r e s e n t  s e r i e s  no d i f f i c u l t y  
was met w i t h  i n  o b t a i n i n g  sputum ; b u t ,  among th e  c h i l d r e n ,  
w here  th e  sputum was o f t e n  v e ry  s l i g h t  and th e y  w ere  u n a b le  t o  
e x p e c t o r a t e ,  c o n s id e r a b le  d i f f i c u l t y  was e x p e r i e n c e d  i n  ob­
t a i n i n g  m a t e r i a l ,  f o r ,  i n  a number o f  i n i t i a l  e x p e r im e n ts  w here  
th e  s a l i v a  from  young c h i l d r e n  was u s e d ,  t h e  m ice w hich  were
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i n j e c t e d  i n v a r i a b l y  s u r v iv e d .  However, w i th  a good d e a l  o f  
p e r s u a s io n  i t  was o f t e n  p o s s i b l e  t o  g e t  t h e  c h i l d r e n  to  
c ou gh , when more s u i t a b l e  m a t e r i a l  was o b t a i n e d .  T h is  however 
was n o t  a lw ay s  so ,  f o r  i n  one c a s e ,  w h e re ,  a f t e r  p e r s u a s io n  
a sm a ll  p e l l e t  o f  m u c e -p u ru le n t  m a t e r i a l  was coughed up 
e x a m in a t io n  showed th e  p re s e n c e  o f  a Group IV. o rg a n ism . The 
sputum was examined one week l a t e r  and a Group IV. o rg an ism  
was a g a in  o b ta in e d .  When h o w e v e r , th e  ca se  was again  ex am ined , 
t h i s  tim e  when c o n v a le sc e n c e  was w e l l  e s t a b l i s h e d  and m a t e r i a l  
f o r  mouse i n o c u l a t i o n  was o b ta in e d  by  lu n g  p u n c tu r e ,  a Type I .  
o rg an ism  was o b ta in e d .  In  one o t h e r  c a s e ,  i n i t i a l  exam ina­
t i o n  o f  th e  sputum from a c h i l d  gave a n e g a t iv e  r e s u l t  on 
mouse i n o c u l a t i o n .  D uring  c o n v a le s c e n c e  th e  c h i l d  d e v e lo p e d  
a se co n d  a t t a c k  o f  pneum onia, and when lu n g  p u n c tu re  was p e r ­
form ed Type I .  o rg an ism s were o b t a i n e d .  I t  would seem t h e r e ­
f o r e  t h a t  th e  e x a m in a t io n  o f  th e  sputum  e s p e c i a l l y  i n  c h i l d r e n  
i s  n o t  an e n t i r e l y  r e l i a b l e  method o f  i s o l a t i n g  th e  pneumo­
c o c c u s .  I n T ab le  X I I .  t h e r e  a r e  shown th e  v a r i e t i e s  o f  sputum 
w hich  w ere  m et w i th  and th e  in c id e n c e  i n  which t h e y  o c c u r r e d .
As w i l l  be  s e e n ,  b lo o d  s t a in e d  sputum was o b ta in e d  i n  63$ o f  
t h e  c a s e s .  T h is  compares c l o s e l y  w i t h  th e  f i g u r e s  g iv e n  i n  
th e  M ed ica l  R e se a rc h  C oun c il  R e p o r t  192 3 , w here  i n  th e  s e r i e s  
o f  c a s e s  examined 6 3 .9 $  had b lo o d  s t a i n e d  s p u t a .  The re m a in in g  
37$ in  t h e  p r e s e n t  s e r i e s  were made up o f  c a s e s  where th e
29-
sputum was e i t h e r  m u co -p u ru len t  
was a v a i l a b l e .
o r  mucoid , o r  where no s p u t i
In c id e n c e  of
TABLE
Blood
XII
s t a in e d Sputum
T o ta l  
& $N a tu re  o f  sputum
Type
I .
Type
I I .
Type
I I I .
Group
IV.
Blood s t a i n e d .......... 23 27 4 9 63
Muco p u r u l e n t . . , . . 9 6 8 23
M ucoid .......................... 1 2 5 8
No spu tum ................... 5 1 6
T o t^ l 38 35 4 23 100
P e r c e n ta g e  o f  Blood
s t a i n e d  sp u tu m .. . . 6 0 .5 77. 1 100 3 9 .1
Between th e  d i f f e r e n t  ty p e s  c o n s i d e r a b l e  v a r i a t i o n  
e x i s t e d  in  th e  in c id e n c e  o f  b lo o d  s t a i n e d  s p u t a .  In  Type I I I .  
a l l  t h e  c a s e s  had b lo o d  s t a i n e d  s p u t a .  I n  Type I .  and Type I I .  
t h e  i n c id e n c e  was 6 0 .5 $  and 7 6 .4 $  r e s p e c t i v e l y ,  w h i le  i n  
Group IV . th e  in c id e n c e  was 4 1 .6 $ .  When th e  a d u l t s  o f  th e  
s e r i e s  were a lo n e  c o n s id e r e d  th e  i n c id e n c e  o f  b lo od  s t a i n e d  
s p u ta  was 80$; o f  t h i s  number 6 7 .9 $  were a s s o c i a t e d  w i th  c a s e s  
b e lo n g in g  to  Types I ,  I I  and I I I ,  w h i le  o n ly  1 2 .3 $  w ere  a s s o c i ­
a t e d  w i th  c a s e s  b e lo n g in g  to  Group IV.
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The d u r a t i o n  o f  th e  r u s t y  sputum  was fo u n d  to  be 
v e ry  v a r i a b l e ,  i n  some c a se s  i t  l a s t e d  f o r  o n ly  one d a y ,  i n  
o t h e r  c a s e s  i t  l a s t e d  f o r  f i v e  o r  s i x  days  a f t e r  a d m is s io n .
Prom th e s e  f i g u r e s  i t  would seem t h a t  a  b lo o d  
s t a i n e d  sputum o c c u rs  much more f r e q u e n t l y  among a d u l t s  th a n  
among c h i l d r e n ,  and t h a t  i t  i s  more o f t e n  a s s o c i a t e d  w i th  
pneum ococci o f  th e  f i x e d  ty p e s  th a n  w ith  pneum ococci b e lo n g in g  
to  Group IV. F u r t h e r ,  t h a t  th e  p re s e n c e  o f  a  Group IV o rg an ism  
in  t h e  sputum need  n o t  n e c e s s a r i l y  i n d i c a t e  t h a t  th e  pneumonic 
c o n d i t i o n  i n  th e  lu n g  i s  due to  t h a t  p a r t i c u l a r  s t r a i n  o f  
pneum ococcus, and n o t  to  one o f  th e  f i x e d  t y p e s .
H erpes L a b i a l i s .
H erpes l a b i a l i s  was p r e s e n t  i n  10$ o f  th e  c a s e s .
T h is  f i g u r e  i s  low compared w i th  th o s e  g iv e n  by  O s ie r  who 
found  t h a t  h e rp e s  o c c u r re d  be tw een  12$ and 40$ o f  h i s  c a s e s .  
G e i s s l e r  in  a s e r i e s  o f  421 c a s e s  found  h e rp e s  p r e s e n t  in  
4 3 .2 $  o f  th e  c a s e s .  Of th e  10 c a s e s  i n  t h e  p r e s e n t  s e r i e s  
8 b e lo n g e d  to  Type I ,  1 to  Type I I ,  and 1 to  Group IV . I t  
i s  o f  i n t e r e s t  t h a t  h e rp e s  d i d  n o t  o c c u r  i n  any  o f  t h e  c a s e s  
w hich  had  a f a t a l  t e r m in a t io n .
C o m p l i c a t i o n s .
The f i r s t  im p o r ta n t  c o m p l ic a t io n  met w i th  was 
empyema and  i t  o c c u r r e d  in  3$ o f  th e  c a s e s .  Compared w i th  
th e  p r e v io u s  w in te r  i n  t h i s  h o s p i t a l  t h e  f i g u r e  was v e ry  lo w , 
f o r ,  o ve r  a s i m i l a r  number o f  c a s e s  a d m i t te d  a s  pneum onia ,
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t h i r t y  c a se s  o f  pneum ococcal empyema were m et w i t h .  The 
i n c i d e n c e ,  h o w ever ,  i n  th e  p r e s e n t  s e r i e s  a p p ro x im a te s  c l o s e l y  
t o  t h e  p u b l i s h e d  f i g u r e s  o f  d i f f e r e n t  w o rk e r s .  M ackenzie  in
h i s  s e r i e s  p la c e d  th e  p e rc e n ta g e  o f  c a s e s  w i t h  empyema a t  
3 .4 $ .  Meeson and M oris in  a f a i r l y  l a r g e  number o f  c a s e s  
found t h a t  empyema o c c u r re d  i n  2 .2 $  o f  th e  c a s e s .
W ith r e g a r d  to  t h e  ty p e  o f  pneumococcus g i v in g
r i s e  to  th e  c o m p l ic a t io n  two o f  th e  c a s e s  were due t o  a
Type I .  pneumococcus and one t o  a member o f  Group IV. I n  a l l
t h r e e  c a s e s  th e  o rgan ism  p r e s e n t  i n  t h e  pus from  th e  empyema 
c a v i t y  was th e  same as  t h a t  o b ta in e d  from  t h e  sputum . These 
c a s e s  a f t e r  i n i t i a l  a s p i r a t i o n  had  a l l  to  be o p e ra te d  on and 
a p o r t i o n  o f  r i b  r e s e c t e d .  They a l l  made a good r e c o v e r y .
Though t h e r e  were too  few c a s e s  o f  empyema to  e x ­
p r e s s  any  o p in io n  r e g a r d i n g  th e  m o r t a l i t y  i n  such  c a s e s ,  i t  
i s  o f  i n t e r e s t  t h a t  no d e a th s  o c c u r r e d  among th e  t h i r t y  c a s e s  
w hich  w ere met w i th  i n  th e  w in t e r  1 9 2 8 -2 9 . The t r e a t m e n t  in  
th e s e  c a s e s  c o n s i s t e d  o f  a s p i r a t i o n  and w here  t h i s  d i d  n o t  
s u f f i c e  r i b  r e s e c t i o n  was p e r fo rm e d .  I n  o n ly  one o r  two c a s e s  
was a s p i r a t i o n  s u f f i c i e n t ,  t h e  g r e a t  m a j o r i t y  h a v in g  to  be 
o p e r a t e d  upon.
The n e x t  c o m p l ic a t io n  w hich  was met w i t h  was 
m e n i n g i t i s .  T h is  o c c u r r e d  i n  two c a s e s .  The f i r s t  c a s e  was 
a man aged  35 who was a d m i t te d  on th e  f o u r t h  day  o f  i l l n e s s .
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The i n i t i a l  h i s t o r y  was o f  a sudden a t t a c k  o f  s h i v e r i n g ,  
f o l lo w e d  by h ead ach e  and p a in  in  t h e  s i d e .  When a d m i t te d  to  
h o s p i t a l  h i s  c h ie f  c o m p la in t  was o f  s e v e re  p a in  in  h i s  h e a d .
On e x a m in a t io n , t h e r e  was in  a d d i t i o n  to  th e  pneumonic co n ­
d i t i o n  i n  th e  lu n g  e v id e n c e  o f  m en in g ea l  in v o lv e m e n t .  Prom 
th e  sputum w hich  was b lo o d  s t a i n e d  a Type I I I  pneumococcus was 
o b ta in e d .  When lum bar p u n c tu re  was p e rfo rm ed  v e ry  t u r b i d  
f l u i d  u n d e r  p r e s s u r e  was w ith d raw n . T h is  was i n o c u l a t e d  i n t o  
a mouse and th e  same ty p e  o f  o rg an ism  a s  was p r e s e n t  i n  th e  
sputum was o b t a i n e d .  The b lo o d  c u l t u r e  i n  t h i s  c a se  showed 
th e  p re s e n c e  o f  a d e f i n i t e  b a c t e r a e m ia .  The c o n d i t i o n  o f  th e  
p a t i e n t  g r a d u a l l y  became w orse  and be d ie d  t h r e e  days  a f t e r  
a d m is s io n .
The second  c a se  was a p a t i e n t  aged  2 2 ,  who was a d ­
m i t t e d  on th e  f o u r t h  d a y  o f  i l l n e s s .  The h i s t o r y  w h ich  he 
gave was o f  a sudden a t t a c k  o f  s h i v e r i n g ,  f o l lo w e d  by  h ead ach e  
and p a in  i n  h i s  s i d e .  On e x a m in a t io n ,  t h e r e  was e v id e n c e  o f  
a pneumonic c o n d i t i o n  w i th  a c o n s i d e r a b le  amount o f  p l e u r i s y  
i n  t h e  u p p e r  p a r t  o f  t h e  r i g h t  l u n g .  Prom th e  sputum w hich  
was muco p u r u l e n t  in  a p p e a ra n c e  a Group IV . pneumococcus was 
i s o l a t e d .  The i l l n e s s  r a n  a t y p i c a l  c o u rs e  and th e  tem p era ­
t u r e  f e l l  by  c r i s i s  on th e  s e v e n th  d a y .  Two d ay s  l a t e r  th e  
te m p e r a tu re  began  to  r i s e ,  and  a s  th e  p a t i e n t  had  no c o m p la in t  
th e  o n s e t  o f  an empyema was c o n s id e r e d  a s  a p o s s i b l e  e x p l a n a t i o n
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o f  th e  t e m p e r a tu r e .  When th e  c h e s t  was exam ined th e  p h y s i c a l  
f i n d i n g s  were n o t  a t  a l l  c o n f i r m a to r y  o f  t h i s  a s  th e  c au se  o f  
th e  t e m p e r a tu r e .  On th e  f o l lo w in g  day s l i g h t  h e a d a c h e  d e ­
v e lo p e d ,  which in  s p i t e  o f  t r e a t m e n t  became more s e v e r e .  T h i s ,  
a lo n g  w i th  th e  e l e v a t e d  t e m p e ra tu re  su g g e s te d  in v o lv e m e n t  o f  th e  
n e rv o u s  sy s te m , so t h a t  lum bar p u n c tu r e  was p e r fo rm e d ,  when 
3 0 ccs  o f  f a i n t l y  t u r b i d  f l u i d  u n d e r  p r e s s u r e  w ere  w ith d ra w n .
The o p e r a t io n  was a g a in  p e rfo rm ed  on th e  f o l lo w in g  d ay  when 
th e  f l u i d  was found to  be more d e f i n i t e l y  t u r b i d .  E x a m in a t io n  
o f  th e  f l u i d  showed th e  c e l l s  p r e s e n t  to  be  polym orpho n u c l e a r  
l e u c o c y t e s ,  and when a mouse was i n o c u l a t e d  Group IV o rg a n ism s  
were o b ta in e d .  The c o n d i t i o n  o f  th e  p a t i e n t  r a p i d l y  became 
worse i n  s p i t e  o f  r e p e a t e d  lum bar p u n c t u r e ,  and d e a th  e n s u e d  
some days l a t e r .
The t h i r d  c o m p l ic a t io n  was m en in g ism u s ,  and  t h i s  
l i k e  th e  p r e v io u s  c o m p l ic a t io n  o c c u r r e d  in  o n ly  two c a s e s .
The f i r s t  c a se  i n  t h i s  g ro u p  was a man aged  t h i r t y  who was 
a d m i t te d  to  h o s p i t a l  on t h e  second  d a y  o f  i l l n e s s .  When e x ­
amined he a p p e a re d  a c u t e l y  i l l  and t h e r e  was e v id e n c e  o f  a 
commencing pneumonia i n  th e  low er  lo b e  o f  th e  r i g h t  l u n g .
The sputum was a t y p i c a l  r u s t y  sputum from  w hich  a f t e r  mouse 
i n o c u l a t i o n  a Type I  pneumococcus was o b t a i n e d .  On th e  f o l l o w ­
in g  day t h e  pneumonic c o n d i t i o n  i n  t h e  lu n g  was q u i t e  d e f i n i t e ,  
and was a s s o c i a t e d  w i th  a c o n s i d e r a b le  amount o f  p l e u r i s y .
-3 4 -
D u rin g  th e  f o u r t h  day  o f  i l l n e s s  he had s e v e r a l  a t t a c k s  o f  
s i c k n e s s  and com plained  o f  s l i g h t  h e a d a c h e .  I n  s p i t e  o f  
t r e a tm e n t  th e  headache  became v e ry  much w o rs e ,  and when a 
s l i g h t  amount o f  r i g i d i t y  o f  th e  p o s t e r i o r  m u sc le s  o f  th e  
n e ck  d e v e lo p e d ,  m e n in g i t i s  was s u s p e c te d .  He was i n  c o n s e ­
quence  lum bar p u n c tu re d  and 40ccs o f  c l e a r  f l u i d  u n d e r  con ­
s i d e r a b l e  p r e s s u r e  were rem oved. T h is  gave te m p o ra ry  r e l i e f  
t o  th e  p a t i e n t ,  b u t  w i th  th e  r e c r u d e s e n c e  o f  t h e  s e v e re  h e a d ­
ache  he was lum bar p u n c tu re d  on th e  f o l lo w in g  d a y .  On t h i s  
o c c a s io n  40ccs o f  f l u i d  s t i l l  u n d e r  i n c r e a s e d  p r e s s u r e  were 
w ith d raw n . Next day th e  te m p e ra tu re  w hich  had  m a in ta in e d  a 
f a i r l y  even l e v e l  a t  a b o u t  103°P f e l l  by c r i s i s .  T h e r e a f t e r  
th e  p a t i e n t  made an  u n i n t e r r u p t e d  r e c o v e r y .
As p r e v i o u s l y  s t a t e d  e x a m in a t io n  o f  th e  sputum 
r e v e a l e d  a Type I  o rgan ism  as  th e  c a u se  o f  th e  pneumonic 
c o n d i t i o n .  Blood c u l t u r e  i n  g lu c o s e  b r o t h  gave a n e g a t iv e  
r e s u l t  a s  d id  a l s o  i n j e c t i o n  o f  th e  s p i n a l  f l u i d  i n t o  a m ouse.
The seco nd  c a se  was a man o f  t h i r t y ,  who was a d m i t t e d  
on th e  t h i r d  day o f  i l l n e s s .  He a p p e a re d  a c u t e l y  i l l ,  and 
e x a m in a t io n  r e v e a l e d  d e f i n i t e  c o n s o l i d a t i o n  i n  th e  low er lo b e  
o f  th e  r i g h t  lu n g  w i th  a c e r t a i n  amount o f  p l e u r a l  in v o lv e m e n t .  
In  a d d i t i o n  to  p a in  in  h i s  s id e  he  com pla ined  o f  s l i g h t  h e a d ­
a c h e .  On th e  f o l lo w in g  day  th e  h ead ach e  became so  s e v e re  
t h a t  he co u ld  n o t  l i e  s t i l l  in  b e d .  He had no s i c k n e s s ,  and
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t h e  r i g i d i t y  o f  th e  n u c h e a l  m u sc le s  was o n ly  v e ry  s l i g h t .
When lum bar p u n c tu re  was p e r fo rm e d ,  35ccs  o f  c l e a r  f l u i d  
u n d e r  v e ry  marked p r e s s u r e  were removed. T h is  t e m p o r a r i l y  
r e l i e v e d  h i s  h e a d a c h e ,b u t  on th e  f o l lo w in g  day  t h e  lum bar 
p u n c tu r e  had to  be r e p e a t e d  when 45 ccs  o f  c l e a r  f l u i d  s t i l l  
u n d e r  i n c r e a s e d  p r e s s u r e  were w ith d raw n . A f t e r  t h i s  th e
h e a d a c h e s  b eg an  to  d im in is h  i n  s e v e r i t y .  D u rin g  t h e  s u c c e e d in g  
day  and a h a l f ,  t h e  t e m p e r a tu r e ,  w hich had m a in ta in e d  a h ig h  
l e v e l  f e l l  to  n o rm a l.  To f i n d  i f  any  change i n  t h e  s p i n a l  
f l u i d  had o c c u r re d  c o in c id e n t  w i th  t h e  r a p i d  l y s i s ,  th e  
p a t i e n t  was ag a in  lumbar p u n c tu re d  when th e  t e m p e ra tu re  had 
re a c h e d  th e  norm al l e v e l .  I t  was found  t h a t  th e  p r e s s u r e  as  
e s t im a t e d  by t h e  r a t e  o f  o u t  f low  from  t h e  n e e d le  had p r a c ­
t i c a l l y  r e t u r n e d  to  n o rm a l .  I n  t h i s  c a se  l i k e  th e  fo rm er  
o n e ,  mouse i n o c u l a t i o n  w i th  th e  s p i n a l  f l u i d  gave a n e g a t i v e  
r e s u l t .
These c u l t u r a l  r e s u l t s  a r e  o f  i n t e r e s t  when com­
p a re d  w i th  th o s e  i n  th e  c a s e s  o f  m e n i n g i t i s  where p o s i t i v e  
c u l t u r e s  were o b ta in e d  from  th e  s p i n a l  f l u i d  i n  b o th  c a s e s  
and from th e  b lo od  in  one o f  th e  c a s e s .  F u r t h e r ,  o f  th e  
f o u r  c a s e s  showing in v o lv e m en t o f  th e  n e rv o u s  sy s te m , e i t h e r  
a s  m e n g i t i s  o r  a s  m en ing ism us , two were due to  o rg an ism s o f  
t h e  f i x e d  t y p e s ,  w h i le  two w ere  due t o  o rg an ism s  b e lo n g in g  
Group IV.
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D e l i r i u m .
The f o u r t h  c o m p l ic a t io n  met w i t h  was d e l i r i u m  and 
i t  o c c u r r e d  i n  v a ry in g  d e g re e  i n  19# o f  th e  c a s e s .  For 
p u rp o s e s  o f  d e s c r i p t i o n  th e  d e g re e  o f  d e l i r i u m  h a s  b e en  
c l a s s i f i e d  a s  s e v e r e ,  m o d e ra te ,  and s l i g h t .  I n  t h e  s e v e r e  c a s e s  
th e  p a t i e n t s  were v e ry  n o i s y  and had to  be f o r c i b l y  r e s t r a i n e d  
i n  b e d .  In  th e  m odera te  c a s e s  th e y  w ere t a l k a t i v e  and a t  
t im e s  t r i e d  to  g e t  o u t  o f  b ed . I n  th e  t h i r d  g rou p  a r e  c l a s s i ­
f i e d  th o s e  c a s e s  w hich  were s u b j e c t  t o  a low m u t t e r i n g  and 
w ere r e s t l e s s .  Based on t h i s  c l a s s i f i c a t i o n  o f  s e v e r i t y  i t  
was found  t h a t  3# o f  th e  c a s e s  w ere  s e v e re ,  6# were m o d e ra te  
and 10# were s l i g h t .  W hile a l l  t h e  c a s e s  i n  th e  f i r s t  g ro up  
ended f a t a l l y  t h e r e  were no d e a th s  in  th e  o t h e r  two g r o u p s .
Between th e  v a r io u s  ty p e s  s l i g h t  d i f f e r e n c e s  e x i s t e d .  
I n  Type I .  t h e r e  were seven  c a s e s  o f  d e l i r i u m ,  one o f  th e s e  
was s e v e r e ,  f o u r  were m odera te  and two were s l i g h t .  I n  Type 
I I  two c a s e s  were s e v e r e ,  one was m o dera te  and f i v e  were s l i g h t .  
I n  Type I I I  o n ly  one c a se  showed s l i g h t  d e l i r i u m .  I n  Group IV 
t h e r e  were no c a s e s  w ith  s e v e re  d e l i r i u m ,  o n ly  one had m oder­
a t e  d e l i r i u m  and two s l i g h t  d e l i r i u m .
From th e s e  f i g u r e s  i t  w i l l  be  se en  t h a t  w h i le  s l i g h t  
d i f f e r e n c e s  e x i s t e d  betw een Types I .  and I I .  t h e r e  was a 
d im in u t io n  b o th  in  th e  number o f  c a s e s  a f f e c t e d  and th e  s e v e r ­
i t y  o f  t h e  d e l i r iu m  in  Group IV compared w i th  t h e  f i x e d  t y p e s .
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M o r t a l i t y
The d e a th  r a t e  from l o b a r  pneumonia i n  t h i s  c o u n t r y  
h a s  been shown by Glynn and D igby and o t h e r s ,  to  c o r re sp o n d  
f a i r l y  c l o s e l y  to  t h a t  In  A m erica . Even th e  r a t e s  f o r  th e  
i n d i v i d u a l  ty p e s  ro u g h ly  c o r r e s p o n d .  I n  th e  A m erican f i g u r e s  
Type I I I ,  though  g iv in g  r i s e  t o  th e  s m a l l e s t  number o f  c a s e s  
i s  y e t  a s s o c i a t e d  w i th  t h e  g r e a t e s t  f a t a l i t y  compared w i th  
th e  o th e r  t y p e s ,  a s  t h i s  p a r t i c u l a r  s t r a i n  o c c u rs  much l e s s  
f r e q u e n t l y  i n  t h i s  c o u n try  i t s  im p o r tan c e  i s  c o n s e q u e n t ly  n o t  
so g r e a t .  Type I I .  i n  b o th  c o u n t r i e s  g i v e s  r i s e  t o  a s l i g h t l y  
h i g h e r  d e a th  r a t e  th an  Type I ,  w h i le  th e  lo w e s t  r a t e  i s  c au se d  
by members o f  Group IV.
In  th e  p r e s e n t  s e r i e s  th e  d e a t h  r a t e  i r r e s p e c t i v e  
o f  type  in c id e n c e  was o n ly  9# . T h is  f i g u r e  I s  much lo w er  th a n  
th e  a v e ra g e  e i t h e r  f o r  t h i s  c o u n t r y  o r  A m erica . B ut i t  r e ­
sem bles f a i r l y  c l o s e l y  th e  m o r t a l i t y  i n  a s e r i e s  o f  c a s e s  
exam ined by* Abrahams who found  t h a t  in  558 c a s e s  t h e r e  was a 
d e a t h  r a t e  o f  10#.
When th e  d e a th  r a t e  was su b d iv id e d  a c c o rd in g  t o  th e  
in c id e n c e  i n  th e  v a r io u s  t y p e s ,  i t  was found  t h a t  th e  g r e a t e s t  
p e rc e n ta g e  o c c u r re d  i n  Type I I I f w h i le  a s  w i l l  be s e e n  from 
T ab le  X I I I , th e  p e rc e n ta g e  r a t e  f o r  t h e  o t h e r  ty p e s  was p r a c ­
t i c a l l y  e q u a l .
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TABLE X I I I .
P e rc e n ta g e  D ea th  r a t e
T o ta l  No. No. o f  P e r c e n ta g e
Type o f  Cases d e a th s  d e a th  r a t e .
I .  38 3 7 .9
I I .  35 3 8 .6
I I I . 4 1 25
IV. 23 2 8 .6
The d e a th  r a t e  was n e x t  a p p l i e d  to  th e  v a r io u s  age 
g r o u p s ,  and i t  was found  t h a t  in  th e  age g roup  1 to  15 t h e r e  
was one d e a t h ,  in  th e  age g roup  16 to  30 t h e r e  were f i v e  
d e a t h s ,  and in  th e  age group 31 t o  45 t h e r e  were t h r e e  d e a t h s .  
When each  f i v e  y e a r s  was s e p a r a t e l y  c o n s i d e r e d ,  th e  g r e a t e s t  
number o f  d e a th s  o c c u r re d  in  t h e  two age g roup s  26 to  30 and 
31 to  3 5 . As t h e r e  were tw e lv e  c a s e s  o f  pneumonia i n  th e  
f i r s t  o f  t h e s e  age g ro u p s ,  and f i v e  i n  t h e  seco n d , and  a s  
t h r e e  d e a th s  o c c u r re d  in  each  g roup  i t  was found t h a t  th e  
g r e a t e s t  m o r t a l i t y  l a y  in  th e  age  g roup  31 to  35. When o t h e r  
age  g ro u p s  were c o n s id e r e d  f o r  th e  p u rp o s e s  o f  c o m p a r iso n ,  i t  
was found  t h a t  i n  th e  age g ro up  21 to  30 th e  d e a th  r a t e  was 
2 1 .7 $ ,  w h i le  f o r  t h e  age g ro u p  31 to  40 th e  d e a th  r a t e  was 
2 7 .3 $ .  These f i g u r e s  compare c l o s e l y  w i th  th o se  o f  O s i e r ,  who 
p la c e d  t h e  d e a th  r a t e  i n  th e  f i r s t  o f  t h e s e  age g ro u p s  a t  20$ 
and in  th e  second a t  30$. In  t h e  M ed ica l R e se a rc h  C ounc il
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R e p o r t  In  1923 th e  d e a th  r a t e  f o r  th e s e  two age g ro u p s  i s  
g iv e n  a s  2 2 ,8 #  and 2 8 .5 #  r e s p e c t i v e l y .  W hile th e  d e a th  r a t e  
f o r  pneumonia n o rm a lly  i n c r e a s e s  a s  age  a d v an c es  t h e r e  were 
i n  th e  p r e s e n t  s e r i e s  no d e a th s  among t h e  e i g h t  c a s e s  o v e r  
f o r t y  y e a r s  o f  a g e ,  even a l th o u g h  87# o f  t h e s e  were a s s o c i a t e d  
w i th  e i t h e r  a Type I  o r  a Type I I  pneum ococcus.
The tim e o f  d e a th  and  i t s  r e l a t i o n  to  t h e  f a l l  o f  
t h e  t e m p e r a tu re  was n e x t  i n v e s t i g a t e d ,  and i t  was fo un d  t h a t  
i n  t h r e e  c a s e s  d e a th  o c c u r r e d  b e f o r e  t h e  c r i s i s ,  i n  t h r e e  
c a s e s  i t  o c c u r re d  a few days a f t e r  th e  c r i s i s ,  and  i n  two c a s e s  
d e a th  o c c u r r e d  d u r in g  l y s i s .  Between th e  t y p e s ,  t h e  o n ly  p o i n t  
o f  i n t e r e s t  was t h a t  a l l  th e  u n c o m p l ic a te d  c a s e s  t e r m i n a t i n g  
b e fo r e  c r i s i s  b e lo n g  t o  Type I I .  In  a d d i t i o n  i t  was found  t h a t  
i n  many o f  th e  c a s e s  t e r m in a t in g  f a t a l l y  t h e r e  was a h i s t o r y  
o f  p r e v io u s  r e s p i r a t o r y  d i s e a s e  o r  o t h e r  d e b i l i t a t i n g  f a c t o r .
Of th e  c a s e s  i n  Type I ,  one had been  g a s s e d  d u r in g  th e  war 
and  had had a p r e v io u s  a t t a c k  o f  pneum onia , and  a n o th e r  a 
fem a le  had been  c o n f in e d  seven  weeks b e f o r e .  I n  Type I I ,  one 
c ase  gave a h i s t o r y  o f  b r o n c h i t i s  w h i le  i n  th e  c a s e  o f  th e  
o t h e r  two t h e r e  was no such h i s t o r y  p r e s e n t .  In  Group IV , 
one c a se  had  a h i s t o r y  o f  an  a t t a c k  o f  pneumonia i n  th e  p r e ­
v io u s  y e a r .  The two re m a in in g  c a s e s  d i e d  o f  m e n i n g i t i s .  Thus 
t h e  o n ly  two u n c o m p lic a te d  c a s e s ,  i n  w hich  t h e r e  was no p r e ­
v io u s  h i s t o r y  o f  d i s e a s e ,  w ere a f f e c t e d  by Type I I  o rg a n is m s .
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From th e  above o b s e r v a t io n s  i t  w i l l  be e v id e n t  t h a t  
t h e  pneumonia met w i th  d u r in g  th e  p r e s e n t  i n v e s t i g a t i o n  was 
o f  a r e l a t i v e l y  m ild  n a t u r e .  Though t h e r e  were o n ly  a few 
d e a t h s ,  i t  i s  i n t e r e s t i n g  t h a t  f o r  any one typ e  th e  g r e a t e s t  
i n c id e n c e  o c c u r re d  i n  Type I I I .  T h is  in c id e n c e  would have 
been  s t i l l  g r e a t e r  i f  a l l  t h e  c a s e s  o f  l o b a r  pneumonia o v e r  
s i x t y  y e a r s  o f  age had been in c lu d e d ;  f o r  a s  p o in te d  o u t  
l a t e r  two o f  th e  t h r e e  c a se s  o f  l o b a r  pneumonia o v e r  t h e  age 
o f  s i x t y  were due to  Type I I I  o rg an ism s and b o th  had  a f a t a l  
t e r m i n a t i o n .
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TYPES o f  PNEUMOCOCOI PRESENT In  CASES o f  LOBAR
PNEUMONIA over 60 YEARS o f  AGE and In  OTHER 
RESPIRATORY CONDITIONS
In  t h i s  c h a p te r  a r e  d e s c r i b e d  a number o f  r e s p i r a t o r y  
c o n d i t i o n s  a s s o c i a t e d  w i th  th e  p re s e n c e  o f  pneum ococci i n  th e  
sputum , w hich co u ld  n o t  be in c lu d e d  among th e  p r e c e d in g  100 
c a s e s  o f  l o b a r  pneum onia. The f i r s t  t h r e e  c a s e s  i n  t h i s  s e r i e s ,  
were c a s e s  o f  l o b a r  pneumonia o c c u r r in g  in  p a t i e n t s  o v e r  s i x t y  
y e a r s  o f  a g e .  The a c t u a l  a g e s  o f  th e  p a t i e n t s  were 6 1 , 65 and 
75 y e a r s  r e s p e c t i v e l y .  When a d m i t te d  t o  h o s p i t a l  th e y  w ere 
v e ry  s h a r p ly  i l l ,  though t h e i r  t e m p e ra tu re s  w ere  o n ly  moder­
a t e l y  e l e v a t e d .  The sputum in  each  c a se  was t y p i c a l l y  b lo o d  
s t a i n e d  and r e v e a l e d  on e x a m in a t io n  a Type I  pneumococcus in  
th e  case  o f  th e  p a t i e n t  aged 61 , and Type I I I  pneum ococci in  
th e  o th e r  two c a s e s .  Blood c u l t u r e  i n  th e  Type I  c a se  was 
p o s i t iv ® .  The c o u rs e  o f  th e  i l l n e s s  i n  each  c a se  was v e ry  
s e v e r e  and te r m in a te d  f a t a l l y  i n  th e  two c a s e s  due to  
Type I I I  pneum ococci.
The n e x t  c a se  in  th e  s e r i e s  was a p a t i e n t  ag ed  65 
y e a r s  who was a d m i t te d  t o  h o s p i t a l  s u f f e r i n g  from  b ron ch o  
pneum onia. She a p p e a re d  v e ry  s h a r p l y  i l l  and e x a m in a t io n  
showed t h a t  a c o n s id e r a b le  amount o f  c o n s o l i d a t i o n  had  o c c u r r e d  
i n  th e  r i g h t  b a s e .  Th© te m p e ra tu re  v a r i e d  be tw een  1 0 2 .5°P .
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oand 10 3 .5  P. f o r  a b o u t  n in e  days  and th e n  f e l l  by a p ro lo n g e d  
l y s i s .  The sputum w hich  was b lo o d  s t a in e d  was exam ined tw ic e  
and a Group IV. pneumococcus i s o l a t e d  on b o th  o c c a s i o n s .  
C on va lescen ce  in  t h i s  c a s e  went on q u i t e  u n i n t e r r u p t e d .
The re m a in in g  c a s e s  when a d m it te d  w ere o n ly  m oder­
a t e l y  i l l .  E x am in a t io n  i n  each  c a se  r e v e a l e d  th e  p r e s e n c e  o f  
a c o n s id e r a b le  amount o f c h ro n ic  b r o n c h i t i s  in  a s s o c i a t i o n  
w i th  a sm a ll  a r e a  o f  pneumonic c o n g e s t io n .  T h is  l a t t e r  was 
u s u a l l y  l o c a t e d  a t  th e  b ase  o f  th e  l u n g s .  I n  two o f  th e s e  
c a s e s  a d i a g n o s i s  o f  b r o n c h i e c t a s i s  was u l t i m a t e l y  made. The 
c o u rs e  o f  th e  i l l n e s s  was i n v a r i a b l y  m ild  though  in  c e r t a i n  
c a s e s  somewhat p ro lo n g e d .  The sputum too  was a lw ays muco 
p u r u l e n t  and te n d e d  in  some c a s e s  to  have  a nummular a p p e a r ­
a n c e ;  i n  no c a se  was i t  b loo d  s t a i n e d .  When e x a m in a t io n  was 
made f o r  the  o rgan ism  p r e s e n t  Type I I  pneum ococci were ob­
t a i n e d  in  t h r e e  c a s e s  and pneum ococci b e lo n g in g  t o  Group IV. 
i n  t h e  o th e r  f o u r  c a s e s .
TABLE/
43-
TABLE XIV.
No. Case Type R e s u l t
1 . L obar pneumonia I . R ecovered
2 . L obar pneumonia I I I . D ied
3 . Lobar pneumonia I I I . D ied
4 . Broncho-pneum onia IV. R ecovered
5. B r o n c h ie c t a s i s I I . d o .
6 . B r o n c h ie c t a s i s I I . d o .
7 . C hron ic  b r o n c h i t i s  (w i th  
o f  c o n s o l i d a t i o n )
a r e a
I I . d o .
8 . do . do . IV. d o .
9 . do . do . IV. do .
1 0 . d o . do . IV. d o .
11 • do . do . IV. d o .
Prom th e  above f a c t s i t  w i l l  be se e n  t h a t  Type
pneum ococci n o t  o n ly  o c c u r r e d  more f r e q u e n t l y  b u t  gave r i s e  to  
a  h i g h e r  d e a th  r a t e  among c a s e s  o f  l o b a r  pneumonia o v e r  th e  age  
o f  s i x t y  th a n  any o f  th e  o t h e r  ty p e s  o f  pneum ococc i. When 
t h e s e  c a s e s  due to  Type I I I  o rg an ism s  were ta k e n  t o g e t h e r  w i th  
th e  c a s e s  o c c u r r in g  u n d er  th e  age o f  s i x t y  y e a r s ,  i t  was fo u n d ,  
t h a t  o f  th e  s i x  c a se s  m et w i th  50% ended f a t a l l y .  I t  i s  o f  
i n t e r e s t  too  t h a t  among th e  c a s e s  w i th  c h r o n ic  d i s e a s e  o f  th e
44
c h e s t  Type I I  o rg an ism s o c c u r r e d  i n  43# o f  th e  c a s e s ,  and  a s  
w i l l  be shown l a t e r  th e  o rg an ism s  were s t i l l  p r e s e n t  i n  th e  
sputum in  a number o f  th e  c a s e s  a t  th e  time o f  d i s m i s s a l  from  
h o s p i t a l .
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THE PERSISTENCE d u r in g  CONVALESCENCE o f  th e  TYPE 
o f  PNEUMOCOCCUS CAUSING th e  DISEASE
I t  h a s  f r e q u e n t l y  been  d e m o n s tra te d  t h a t  pneum ococci 
may e x i s t  a s  h a rm le s s  s a p ro p h y te s  i n  th e  m ouths o f  h e a l t h y  
p e o p le .  Avery and h i s  c o -w o rk e rs  found t h a t  pneum ococci w ere  
p r e s e n t  in  39# o f  a s e r i e s  o f  297 c a s e s  i n  whom t h e r e  was no 
h i s t o r y  o f  any c o n t a c t  w i th  p a t i e n t s  s u f f e r i n g  from  pneum onia. 
They a l s o  showed t h a t  th e  g r e a t  m a j o r i t y  o f  th o se  o rg an ism s  
b e lo n g e d  to  Group IV. and n o t  t o  th e  f i x e d  t y p e s .  When, 
h o w ever ,  h e a l t h y  p eo p le  who had been  i n  c o n t a c t  w i th  c a s e s  o f  
pneumonia w ere examined a g r e a t e r  in c id e n c e  o f  Types I .  and I I .  
was met w i th .  The type  p r e s e n t  i n  th e  sputum was i n v a r i a b l y  
th e  same as  t h a t  o f  th e  c a se  w i th  w h ich  th e y  had  b e en  i n  c o n t a c t .
T h a t  such  p e o p le  co u ld  h a rb o u r  th e  v i r u l e n t  t y p e s ,  
r a i s e d  th e  q u e s t i o n  o f  th e  e x i s t e n c e  o f  p o s s i b l e  c a r r i e r s .  To 
i n v e s t i g a t e  t h i s  p o s s i b i l i t y ,  a number o f  c a s e s  o f  pneumonia 
were examined a t  v a ry in g  p e r io d s  d u r in g  c o n v a le s c e n c e ,  i n  o r d e r  
to  f i n d  w h e th e r  th e  v i r u l e n t  ty p e s  d i s a p p e a r e d  from  th e  sputum 
o r  w h e th e r  th e y  p e r s i s t e d  and th e  p a t i e n t s  were d i s m is s e d  from  
h o s p i t a l  w i th  v i r u l e n t  o rg an ism s  s t i l l  i n  th e  sputum .
To d e te rm in e  th e  p re s e n c e  o f  pneum ococci in  th e  
c o n v a le s c e n t  sputum th e  o r d in a r y  method o f  mouse i n o c u l a t i o n  
was a d o p te d .  A ccord ing  to  Sharpe  and U rb a n tk i  i n  Am erica t h i s
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method may f a i l  when th e  f i x e d  ty p e s  i n  th e  sputum a r e  v e ry  
s c a n t y .  They t h e r e f o r e  advoca ted  th e  p l a t i n g  o f  t h e  sputum i n  
b lo o d  a g a r  and a f t e r  i n c u b a t i o n ,  l i k e l y  c o lo n i e s  were p ic k e d  
o f f  and grown in  b r o t h .  To t h i s  c u l t u r e  was added a few d ro p s  
o f  b i l e  and a f t e r  s u f f i c i e n t  t im e  had e l a p s e d  th e  tu b e s  were 
c e n t i f r u g e d  and th e  s u p e r n a t a n t  f l u i d  rem oved. T h is  was th e n  
t e s t e d  a g a i n s t  an tip n eu m o c o cc a l  serum . By t h i s  method th e y  
h e l d  t h a t  th e  a n t i g e n  f o r  any o f  t h e  f i x e d  ty p e s  p r e s e n t  was 
p r e c i p i t a t e d  by th e  c o r re s p o n d in g  serum .
As p r e v io u s ly  s t a t e d ,  th e  c a s e s  were examined a t  
v a ry in g  p e r i o d s  d u r in g  c o n v a le sc e n c e  and i t  was fo und  in  a 
number o f  c a s e s  t h a t  a f t e r  th e  s i x t e e n t h  day  o f  i l l n e s s  t h e r e  
was a te n d e n c y  f o r  th e  type  p r e s e n t  a t  th e  h e i g h t  o f  th e  
d i s e a s e  t o  d i s a p p e a r  from th e  sputum . At th e  mouse a u to p s y  in  
su ch  c a s e s  th e  amount o f  p e r i t o n e a l  f l u i d  p r e s e n t  was i n ­
v a r i a b l y  v e ry  s l i g h t ,  and a smear p r e p a r a t i o n  r e v e a l e d  th e  
p re s e n c e  o f  a v a r i e t y  o f  o rg an ism s  o t h e r  th a n  p n eu m o co cc i . I n  
a  few c a s e s  pneumococci were o b ta in e d  which gave no r e a c t i o n  
w i th  th e  ty p e  s e r a .  These were a c c o r d i n g l y  c l a s s i f i e d  a s  
Group IV o rg a n ism s . At no tim e  d u r in g  c o n v a le s c e n c e  were f i x e d  
ty p e s  met w i th  d i f f e r e n t  from  t h a t  p r e s e n t  a t  t h e  h e i g h t  o f  
th e  d i s e a s e ,  t h a t  i s ,  Type I I  o rg an ism s  were n o t  met w i th  i n  
t h e  c o n v a le sc e n c e  o f  Type I  c a s e s  and s i m i l a r l y  Type I  o rgan ism s 
were n o t  met w i th  in  the  c o n v a le s c e n c e  o f  Type I I  c a s e s .  I t
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was a ls o  o b se rv ed  t h a t  th e  f i x e d  s t r a i n s  i s o l a t e d  d u r in g  
c o n v a le s c e n c e  were a p p a r e n t l y  as  v i r u l e n t  f o r  mice as were 
th e  ty p e s  a t  th e  o n s e t  o f  th e  d i s e a s e .
As w i l l  be ob se rv ed  from  T ab le  XV. th e  s h o r t e s t  
p e r i o d  d u r in g  which th e  o rg an ism s  co u ld  be d e t e c t e d  was 16 
days and th e  l o n g e s t  was 29 d a y s .  T h is  l a t t e r  p e r i o d  was 
much s h o r t e r  th a n  t h a t  g iv e n  by S i t tm a n ,  who was a b le  to  keep  
p a t i e n t s  u n d e r  o b s e r v a t io n  f o r  a much lo n g e r  p e r io d  and was 
a b le  t o  d e t e c t  th e  p re s e n c e  o f  t h e  o rgan ism s up to  th e  
e i g h t i e t h  day  a f t e r  th e  o n s e t  o f  th e  i l l n e s s .  Avery i n  h i s  
s e r i e s  was a b l e  to  i s o l a t e  th e  o rg an ism s  up to  th e  n i n e t y - f i f t h  
day  a f t e r  th e  o n s e t .  I n  c e r t a i n  c a s e s  in  th e  p r e s e n t  s e r i e s  
th e  p e r s i s t e n c e  o f  th e  o rgan ism  i n  th e  sputum was i n  a s s o c i a ­
t i o n  w i th  d e f i n i t e  c h ro n ic  d i s e a s e  i n  th e  c h e s t*  In  th e  two 
c a se s  c l a s s i f i e d  a s  b r o n c h i e c t a s i s  Type I I  o rg an ism s  were 
o b ta in e d  on th e  tw e n ty  second  and tw e n ty  t h i r d  days  o f  i l l ­
n e s s .  As p r e v i o u s l y  m en tio n ed  a c a se  was met w i th  i n  w hich  
a Group IV. o rg an ism  was o b ta in e d  on two o c c a s io n s  from th e  
sputum a t  th e  o n s e t  o f  th e  i l l n e s s  and y e t  a v i r u l e n t  Type I  
o rgan ism  was o b ta in e d  by lu n g  p u n c tu re  on t h e  t w e n t y - f i f t h  day 
o f  i l l n e s s .
TABLE/
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TABLE XV.
P r e s i s t e n c e  d u r in g  c o n v a le s c e n c e  o f  t h e  type  
o f  pneumococcus c a u s in g  th e  d i s e a s e
Type o f
pneumococcus Day o f  d i s e a s e  Type o f  pneumococcus 
a t  h e i g h t  o f  re c k o n ed  d u r in g
No. d i s e a s e  from th e  o n s e t  c o n v a le s c e n c e
1 . IV 13 IV
25 I
2 . I 10 I
17 No pneum ococci
3 . I 21 No pneum ococci
4 . I 12 I
17 I
23 No pneum ococci
5 . I 22 I
6 . I 18 No pneum ococci
7 . I 9 I
19 No pneum ococci
8 . I 17 No pneum ococci
9 . I 17 I
1 0 . I 13 I
1 1 . I 16 IV
1 2 . I I 22 IV
1 3 . I I 9 I I
14 . I I 36 IV
15 . I I 29 I I
16 . I I 7 I I
24 No pneum ococci
17 . I I 12 n
18. I I 16 No pneum ococci
19 . I I 16 I I
26 I I
20 . I I I 24 No pneum ococci
2 1 . /
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TABLE XV. (C ontd)
No.
Type o f  
pneumococcus 
a t  h e i g h t  o f  
d i s e a s e
Day o f  d i s e a s e  
rec k o n ed  
from  tn e  o n s e t
Type o f  pneumococcus 
d u r in g  
c o n v a le s c e n c e
2 1 . I I I 16 IV
2 2 . IV 7 IV
2 3 . IV 9 IV
24. I I 12 I I
22 I I
25 . I I 14 I I
23 I I
Prom th e  above o b s e r v a t io n s  i t  w i l l  be se en  t h a t  
th e  f ix e d  ty p e s  o f  pneumococci te n d e d  to  d i s a p p e a r  from  th e  sputum 
a t  v a ry in g  p e r i o d s  a f t e r  th e  o n s e t  o f  th e  i l l n e s s .  I n  c e r t a i n  
c a s e s  where th e  o rg an ism  p e r s i s t e d  t h e r e  was d e f i n i t e  c h ro n ic  
d i s e a s e  o f  th e  c h e s t .  I t  i s  o f  i n t e r e s t  t o o ,  t h a t  th ough  c a s e s  
w ere  d i s m is s e d  from th e  h o s p i t a l  w i th  v i r u l e n t  s t r a i n s  o f  pneumo­
c o c c i  s t i l l  p r e s e n t  i n  t h e i r  t h r o a t s  t h e r e  were no " r e t u r n  c a s e s ” 
a s  a r e  m et w i th  i n  s c a r l e t  f e v e r .  F u r t h e r ,  in  o b t a i n i n g  th e  
h i s t o r y  from  th e  c a s e s  in  t h e  p r e s e n t  s e r i e s  t h e r e  was no i n s t a n c e  
o f  an y  c a se  h a v in g  been a s s o c i a t e d  w i th  known c a s e s  o f  th e  d i s e a s e .
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LUNG PUNCTURE
As a means o f  o b t a i n i n g  th e  pneumococcus e s p e c i a l l y  
in  c h i l d r e n  w here  th e  sputum  i s  o f t e n  a b s e n t ,  lu n g  p u n c tu r e  
a f f o r d s  a s im p le  and a c c u r a t e  m ethod . Many w o rk e rs  i n  America 
have  a v a i l e d  th em se lv e s  o f  th e  method w i t h ,  a c c o rd in g  to  
t h e i r  r e p o r t s ,  l i t t l e  o r  no i n j u r y  to  th e  p a t i e n t .  The p o s s i b l e  
r i s k s  as  r e c o rd e d  in  th e  M edica l R e se a rch  C o u n c il  R e p o r t  o f  
1923 a r e  a i r  em bolism , h aem o rrh ag e ,  and  p n e u m o -th o rax ,  b u t ,  
a s  p o in te d  b u t ,  t h e i r  in c id e n c e  where r e a s o n a b le  c a re  h a s  been  
ta k e n  i s  v e ry  s l i g h t .  I n  s p i t e  o f  th e  sm a ll  r i s k  a t t a c h e d  to  
i t ,  w o rke rs  i n  t h i s  c o u n t r y  have  n o t  made v e ry  w ide u se  o f  
th e  method and in  consequence  much o f  t h e  d a t a  r e g a r d i n g  lu n g  
p u n c tu re  h as  to  be drawn from  Am erican r e s u l t s .  Prom t h e i r  
s t a t i s t i c s  i t  h a s  been  shown, t h a t  where lu n g  p u n c tu r e s  a r e  
p o s i t i v e  th e  pneum ococci a r e  u s u a l l y  o b ta in e d  i n  p u re  c u l t u r e ,  
and a r e  o n ly  o c c a s i o n a l l y  a s s o c i a t e d  w i t h  o t h e r  o rg an ism s  such  
a s  s t r e p t o c o c c i  o r  b a c i l l u s  i n f l u e n z a .  F u r t h e r ,  t h a t  th e  
f i x e d  ty p e s  a r e  more f r e q u e n t l y  met w i th  i n  lo b a r -p n e u m o n ia  
and  Group IV o rg an ism s  in  b ro n cho -pn eu m on ia .
In  th e  p r e s e n t  w ork , lu n g  p u n c tu r e  was p e rfo rm ed  in  
te n  c a s e s  a l l  o f  w hich  were c h i l d r e n .  Of t h e s e ,  s i x  had  
lo b a r -p n e u m o n ia  and  f i v e  had b ro n ch o -p n eu m o n ia . As w i l l  be 
se e n  from  T ab le  XVI. f i v e  o f  t h e  lo b a r -p n e u m o n ia s  were due to
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Type I  pneum ococci. To c o n f i rm  th e  s e r o l o g i c a l  r e s u l t s  g iv e n  
by th e  serum o f  M ulford  & Co. in  th e s e  c a s e s ,  t e s t s  were 
c a r r i e d  o u t  w i th  th e  serum p re p a re d  by  B urroughs Wellcome &
Co. in  a f i n a l  d i l u t i o n  o f  1 in  3 0 .  In  th e  c a s e s  o f  b ro n c h o ­
pneum onia , pneum ococci were o b ta in e d  i n  o n ly  one ca se  and 
were found  to  b e lo n g  to  Group IV. The o t h e r  c a s e s  gave a 
n e g a t iv e  r e s u l t  a s  e v id e n ce d  by th e  s u r v i v a l  o f  th e  i n j e c t e d  
m ic e .  The p u n c tu r e s ,  save  i n  t h r e e  c a s e s  were a l l  p e rfo rm ed  
on a d m is s io n  o r  v e ry  soon t h e r e a f t e r .  As w i l l  be seen  from  
T ab le  XVI. o rgan ism s were o b ta in e d  on th e  f o u r t h ,  t h i r d  and  
f i r s t  day  b e fo r e  th e  c r i s i s .  In  t h r e e  c a s e s  o rg an ism s w ere 
n o t  o b ta in e d  t i l l  th e  se c o n d ,  f o u r t e e n t h  and f i f t e e n t h  d ay  
a f t e r  th e  c r i s i s .  Thomas and P a rk e r  who exam ined s e v e n ty -  
t h r e e  c a s e s  o f  }ung p u n c tu re  found t h a t  as  th e  c r i s i s  a p p ro a c h ­
ed  th e  number o f  o rgan ism s p r e s e n t  d im in i s h e d .  Rosenow and 
T c h i s t o v i t c h  how ever, were a b le  to  o b t a i n  p o s i t i v e  lu n g  
p u n c tu r e s  a f t e r  th e  c r i s i s  and from  t h a t  c o n c lu d ed  t h a t  th e  
c r i s i s  i n  pneumonia was n o t  due to  th e  sudden d i s a p p e a r a n c e  
o f  th e  o rg an ism .
TABLE/
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TABLE XVI. 
Lung P u n c tu re
No. o f No. o f
Days Days
C l i n i c a l Day o f b e fo r e a f t e r
Case d i a g n o s i s i l l n e s s c r i s i s c r i s i s Type Term in a  t i i
1 . Lobar-pneum onia 4 4 I R ecovered
2 . do . 4 3 I do .
3 . d o . 6 1 IV do .
4 . do . 11 2 I D ied
5 . do . 22 14 I R ecovered
6. do . 23 15 I do .
7 . B roncho-pneum onia 6 IV do .
8.^ do . 7 N il D ied
9 . do . 7 N i l R ecovered
10 . d o . 8 N i l d o .
As a l l  t h e  c a se s  i n  w hich  lu n g  p u n c tu re  was p e r ­
form ed w ere  u n d e r  th e  age o f  sev en  i t  i s  o f  i n t e r e s t  t h a t  
o n ly  Type I .  and Group IV. pneum ococci were met w i t h .  T h is  
i s  i n  c o n t r a s t  to  th e  g r e a t e r  in c id e n c e  o f  Type I I  i n  th e  
a d u l t  age g ro u p . I t  i s  a l s o  o f  i n t e r e s t  t h a t  th o s e  c a s e s  
from  w hich  Type I .  pneum ococci w ere  o b ta in e d  were c l i n i c a l l y  
l o b a r  pneum onia. In  th e  c a s e s  o f  b roncho -pneum on ia  pneumo­
c o c c i  w ere o b ta in e d  i n  o n ly  one i n s t a n c e .
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THE SIGNIFICANCE o f  BACTERAEMIA in  
LOBAR PNEUMONIA
The p re s e n c e  o f  pneum ococci i n  t h e  b lood  o f  c a s e s  
o f  l o b a r  pneumonia has  been  e x t e n s i v e l y  i n v e s t i g a t e d .  From 
th e  r e p o r t s  p u b l i s h e d ,  c o n s id e r a b le  v a r i a t i o n  seems to  e x i s t  
a s  to  th e  f re q u e n c y  w i th  which i t  i s  p o s s i b l e  t o  o b t a i n  th e  
pneumococcus from  th e  b lo o d .  These  d i f f e r e n c e s  a r e  i n  p a r t  
e x p la in e d  by d i f f e r e n c e s  i n  t e c h n iq u e ,  and th e  s e v e r i t y  o f  
th e  c a s e s  exam ined , P ro c h a s k i  o b ta in e d  p o s i t i v e  r e s u l t s  i n  
100# o f  h i s  c a s e s .  Dochez in  1912 o b ta in e d  p o s i t i v e  b lo o d  
c u l t u r e s  i n  50/6 o f  h i s  c a s e s .  C o le ,  o u t  o f  728 c a s e s  o n ly  
o b ta in e d  27/6 o f  p o s i t i v e  b lo o d  c u l t u r e s .  I n  Monograph No*7 
o f  th e  R o c k e f e l l e r  I n s t i t u t e  f o r  M ed ica l R e se a rch  th e  i n ­
c id e n c e  o f  p o s i t i v e  b lo o d  c u l t u r e s  i s  g iv e n  a s  30.3/6. R osen- 
b l u t h ,  i n  an  i n v e s t i g a t i o n  c a r r i e d  o u t  a t  Harlem H o s p i t a l ,
New Y ork , i n  1929 , o b ta in e d  p o s i t i v e  b lo o d  c u l t u r e s  in  an  
even s m a l l e r  p e r c e n t a g e ,  v i z : -  2 2 .4 $  i n  a s e r i e s  o f  500 c a s e s .  
I n  t h i s  l a s t  i n s t a n c e ,  th e  sm a l l  p e r c e n ta g e  o f  p o s i t i v e s  was 
p ro b a b ly  due to  th e  f a c t  t h a t  o n ly  one o r  two c c s  o f  b lo o d  
were u s e d ,  a l s o  t h a t  c a s e s  g iv in g  a n e g a t iv e  r e s u l t  w ere n o t  
a g a in  examined u n l e s s  some c i r c u m s ta n c e  a r o s e  s u g g e s t in g  a 
b a c t e r i a l  i n v a s io n  o f  th e  b lo o d .
As a  r e s u l t  o f  t h e s e  and o th e r  v a r i e d  r e p o r t s ,
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d i v e r g e n t  o p in io n s  have b een  b ro u g h t  fo rw ard  a s  to  th e  
s i g n i f i c a n c e  o f  a b a c te ra e m ia  i n  l o b a r  pneum onia. Those who 
have r e p o r t e d  a h ig h  p e rc e n ta g e  o f  p o s i t i v e  c a s e s ,  l a y  l i t t l e  
o r  no s t r e s s  on th e  p re s e n c e  o f  b a c te ra e m ia  a s  an a id  to  
p r o g n o s i s .  T here  a g a i n ,  th o s e  who have o b t a in e d  o n ly  a sm a ll  
p e r c e n ta g e  o f  p o s i t i v e  b lood  c u l t u r e s ,  c o n s id e r  th e  p r e s e n c e  
o f  b a c te r a e m ia  a s  o f  c o n s id e r a b le  v a lu e  from  th e  p o i n t  o f  
view o f  p r o g n o s i s ,  and th e y  f i n d  t o o ,  a c lo s e  r e l a t i o n s h i p  
be tw een  th e  p re s e n c e  o f  th e  o rgan ism  in  th e  b lo o d  and th e  
m o r t a l i t y  o f  th e  c a s e s .  S i t tm a n  d e t e c t e d  o rg an ism s  i n  f o u r  
c a s e s  o u t  o f  s i x t e e n ,  t h a t  i s  i n  25$ , t h r e e  o f  th e  f o u r  c a s e s  
d i e d .  D ochez , in  a s e r i e s  o f  t h i r t y - s e v e n  c a s e s  found  t h a t  
o f  th o s e  g i v in g  a p o s i t i v e  b lood  c u l t u r e  77$ d i e d ,  w h i le  o n ly  
4$ o f  th e  n e g a t i v e s  p ro v ed  f a t a l .  From t h e i r  s e r i e s  o f  448 
c a s e s  Avery and h i s  C o-w orkers p la c e d  th e  m o r t a l i t y  o f  c a s e s  
w i th  p o s i t i v e  b lo od  c u l t u r e s ,  a t  5 5 .8 $ .  R o se n b lu th  i n  h i s  
work l ik e w i s h  found  a marked in c r e a s e  i n  th e  d e a th s  among 
c a s e s  w i th  a p o s i t i v e  b lo o d  c u l t u r e  compared w i t h  th o s e  g iv in g  
a n e g a t iv e  c u l t u r e .  He found  t h a t  81$ o f  th e  p a t i e n t s  b e ­
lo n g in g  to  Type I .  w i th  a p o s i t i v e  b lo o d  c u l t u r e ,  d i e d ,  w h i le  
o n ly  16$ o f  th o s e  g iv in g  a n e g a t iv e  r e s u l t ,  d i e d .  In  Type I I ,  
76$ w i th  a p o s i t i v e  b lo o d  c u l t u r e  d i e d ,  w h i le  21$ w i t h  a 
n e g a t iv e  c u l t u r e ,  d i e d .  L ik ew ise  th e  number o f  d e a th s  among 
p a t i e n t s  i n  Type I I I  and Group IV w i th  a p o s i t i v e  b lo o d  c u l t u r e
55-
was much h ig h e r  th a n  th o se  w i th  a n e g a t iv e  b lood  c u l t u r e .
S u t to n  and S ev iu s  i n  t h e i r  work i n  th e  b a c te r a e m ia  in  
pneumonia fo u n d , t h a t  a l l  c a s e s  g i v in g  more th a n  f i v e  
c o lo n i e s  p e r  c . c .  o f  b lo od  when grown i n  s o l i d  m e d ia ,  had a 
f a t a l  t e r m i n a t i o n .  Avery and h i s  C o-w orkers met w i t h  a some­
w hat s i m i l a r  r e s u l t ,  f o r  th e y  found t h a t  when th e  number o f  
th e  c o lo n i e s  in  s o l i d  media p e r  c . c .  o f  b lo o d  was above 1 5 ,  a 
f a t a l  r e s u l t  i n v a r i a b l y  e n su e d .
In  th e  p r e s e n t  i n v e s t i g a t i o n  th e  p re s e n c e  o f  o rg a n ­
ism s in  2 c . c s  o f  th e  p a t i e n t s  b lo od  was ta k e n  a s  a n  i n d i c a ­
t i o n  o f  a d e f i n i t e  b a c te r a e m ia  as d i s t i n g u i s h e d  from  th e  
in v a s io n  o f  th e  b lo o d  by a few o rg an ism s and w hich  would be 
d e t e c t e d  i f  a l a r g e  amount o f  b lo o d  were u s e d .  As a r u l e  th e  
b lo o d  was o b ta in e d  on a d m is s io n  so t h a t ,  i n  r e l a t i o n  to  th e  
i l l n e s s ,  th e  tim e o f  th e  c u l t u r e  v a r i e d  be tw een  th e  t h i r d  and 
f i f t h  day o f  i l l n e s s .  T h is  a s  p o in te d  o u t  b y  Rosenow i s  th e  
m o st f a v o u r a b le  p e r i o d , a s  c u l t u r e s  made w i th in  th e  f i r s t  tw en ty  
f o u r  h o u rs  o f  th e  i l l n e s s  o r  a t  t h e  tim e o f  th e  c r i s i s  a r e  
i n v a r i a b l y  n e g a t i v e .  As w i l l  be se en  from  T ab le  X V II, t h i r t y  
c a s e s  were examined f o r  th e  p re s e n c e  o r  ab sen ce  o f  a b a c t e r ­
a e m ia ,  and a s  w i l l  a l s o  be se e n  o n ly  16$ showed th e  p r e s e n c e  
o f  o rgan ism s i n  2 c . c s  o f  b lo o d .  T h is  low f i g u r e  i s  p r o ­
b a b ly  r e l a t e d ,  n o t  o n ly  t o  th e  sm a l l  amount o f  b lo o d  u s e d ,  
b u t  a l s o  to  th e  g e n e r a l  ab sen ce  o f  v e ry  s e v e r e  c a s e s  o f
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pneumonia a s  i n d i c a t e d  by th e  p e r c e n ta g e  m o r t a l i t y  o v e r  a l l  
th e  c a s e s  examined o f  o n ly  9 $ .  I n  th e  e x a m in a t io n  o f  th e  
c u l t u r e s ,  where n e g a t iv e  r e s u l t s  were o b ta in e d  a t  th e  end o f  
t w e n ty - f o u r  h o u r s ,  th e  tu b e s  were in c u b a te d  f o r  a n o th e r  tw en ty  
f o u r  h o u rs  and a g a in  exam ined. I f  no g row th  was th e n  o b ta in e d  
th e  c u l t u r e s  were d e c l a r e d  n e g a t i v e .
Of th e  f i v e  c a s e s  i n  w hich  a  p o s i t i v e  r e s u l t  was 
o b ta in e d  t h r e e  t e r m in a te d  f a t a l l y  and two r e c o v e r e d .  I n  th e  
fo r m e r ,  d e a th  o c c u r re d  i n  two i n s t a n c e s  on th e  day a f t e r  th e  
b lo o d  c u l t u r e  was t a k e n ,  i n  th e  t h i r d  c a s e ,  d e a th  o c c u r r e d  
f o u r  d ays  a f t e r  th e  b lo o d  c u l t u r e .  I n  th e  l a t t e r  c a s e s  
w hich  r e c o v e r e d ,  b lo o d  c u l t u r e s  were r e p e a t e d  tw e lv e  h o u rs  
a f t e r  th e  c r i s i s  w i th  n e g a t iv e  r e s u l t s ,  which would i n d i c a t e  
t h a t  a t  th e  tim e o f  th e  c r i s i s  th e  o rg an ism s  r a p i d l y  d i s ­
a p p e a r  from  th e  b lo o d  s t r e a m . But a s  p r e v i o u s l y  s t a t e d  
o rg an ism s  can be o b ta in e d  from  th e  lu n g  t i s s u e  i t s e l f  many 
days  a f t e r  th e  c r i s i s .  In  t h i s  c o n n e c t io n  Dochez and o t h e r s  
have shown t h a t  i n  some c a s e s ,  o rg an ism s  can  be o b ta in e d  from  
th e  b lo o d s t re a m  a f t e r  th e  c r i s i s .  From t h i s  th e y  c o n c lu d e  
t h a t  th e  c r i s i s  i s  n o t  due to  th e  sudden  d i s a p p e a r a n c e  o f  
th e  o rgan ism s from  th e  c i r c u l a t i o n .
TABLE/
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TABLE XVII
R e s u l t  o f  s i n g l e  b lo o d  c u l t u r e s  from  30 
c a s e s  o f pneum onia.
Blood C u l tu r e s  M o r t a l i t y
P o s i t i v e  P o s i t i v e  c a s e s  
No. p e r  p e r  N e g a t iv e
Cases made No. c e n t  No. c e n t .  c a s e s  %
LOBAR PNEUMONIA 30 5 1 6 .6  3 60 4
Prom the  c l i n i c a l  p o i n t  o f  view a l l  th e  c a s e s  w i th  
a p o s i t i v e  c u l t u r e  r a n  a v e ry  s e v e r e  c o u r s e .  Even th e  two 
c a s e s  w hich  r e c o v e re d  were i n  th e  p e r io d  b e f o r e  th e  c r i s i s  
a s  i l l  a s  th o s e  w hich  t e r m in a te d  f a t a l l y .  Among th e  c a s e s  
w i th  a n e g a t iv e  b lo o d  c u l t u r e  t h e r e  was o n ly  one d e a t h ,  b u t  
i n  t h i s  c a se  t h e  f a t a l  t e r m in a t io n  was n o t  due to  t h e  s e v e r i t y  
o f  th e  pneumonia p e r  se  b u t  t o  t h e  o n s e t  o f  m e n i n g i t i s  l a t e r  
in  th e  d i s e a s e .  So t h a t ,  i f  t h i s  c a se  i s  e x c lu d e d  from  th e  
s e r i e s  i t  w i l l  be  fo u n d ,  t h a t  w h i le  60# o f  th o s e  w i th  a p o s i ­
t i v e  b lo o d  c u l t u r e  d i e d ,  t h e r e  w ere no d e a th s  among th e  c a s e s  
w i t h  a n e g a t iv e  c u l t u r e .
Between th e  d i f f e r e n t  ty p e s  t h e r e  was v e ry  l i t t l e  
d i f f e r e n c e  in  th e  in c id e n c e  o f  p o s i t i v e  c u l t u r e s  p r o b a b ly  
a c c o u n te d  f o r  by t h e  sm a ll  number o f  c a s e s  exam ined . I n  Types 
I .  and  I I .  t h e r e  w ere two c a s e s  w i th  p o s i t i v e  c u l t u r e s  and i n  
e a c h  c ase  th e r e  was one d e a th .  The f i f t h  c a s e  b e lo n g e d  to
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Type I I I .  and te r m in a te d  f a t a l l y .
Prom th e s e  o b s e r v a t io n s  i t  w i l l  be seen  t h a t  th e  
p re s e n c e  o f  a b a c te ra e m ia  i n  a c ase  o f  l o b a r  pneumonia a s  
e s t im a te d  by th e  f i n d i n g  o f  pneum ococci i n  2 c . c s  o f  th e  
p a t i e n t s  b lo o d  i s  o f  g r e a t  im p o r ta n c e ,  f o r  a s  shown a b o v e ,
60% o f  th o s e  w i th  a p o s i t i v e  c u l t u r e  had a f a t a l  t e r m i n a t i o n .
59-
S U M M A R Y
The fo l lo w in g  i s  a summary o f  th e  o b s e r v a t i o n s  
w hich  were made d u r in g  th e  c o u rse  o f  th e  p r e s e n t  i n v e s t i g a t i o n .
( I ) I s o l a t i o n  and i d e n t i f i c a t i o n  o f  th e  pneumococcus
A. The i n t r a p e r i t o n e a l  i n o c u l a t i o n  o f  mice p ro v e d
an e x c e l l e n t  method o f  o b t a i n i n g  pneum ococci in  
s u f f i c i e n t  q u a n t i t y  f o r  p u rp o se s  o f  i d e n t i f i c a t i o n .
B. The sodium t a u r o c h o l a t e  s o l u t i o n  gave good r e s u l t s
i n  most c a s e s ,  b u t  two s t r a i n s  o f  Type I .  o rg an ism s  
were met w i th  w hich  were i n s o l u b l e  in  t h e  t a u r o c h o l ­
a t e  s o l u t i o n .
C. The m ic ro s c o p ic  a g g l u t i n a t i o n  t e s t  which was c a r r i e d
o u t  i n  c o n ju n c t io n  w i th  th e  m a c ro sc o p ic  t e s t  was 
found to  g iv e  r e s u l t s  which were in  p e r f e c t  a g r e e ­
ment w i th  th e  r e s u l t s  o b ta in e d  by th e  o l d e r  m ethod .
( I I ) I n c id e n c e  o f  t h e  s e r o l o g i c a l  t y p e s .
The p e rc e n ta g e  in c id e n c e  o f  th e  d i f f e r e n t  ty p e s  i s  
shown in  T ab le  I I I .  Prom T a b le s  IV. and V I. i t  
w i l l  be seen  t h a t  in  th e  age g roup  16 to  60 th e  
g r e a t e s t  number o f  c a s e s  w ere  due to  Type I I  
o rg a n is m s ,  w h i le  i n  th e  1 t o  15 age  g ro up  th e  
g r e a t e s t  number w ere  due t o  Type I  o rg a n is m s .
60-
( I I I )  C l i n i c a l  I n v e s t i g a t i o n  o f  th e  c a s e s .
A* In  th e  c l i n i c a l  e x a m in a t io n  o f  the  c a s e s  th e r e  
was no e v id e n ce  t h a t  any t r a i n  o f  symptoms 
e x i s t e d  by w hich  one ty p e  c o u ld  be d i s t i n g u i s h e d  
from a n o th e r .  C e r t a i n  m inor d i f f e r e n c e s  d id  
however e x i s t  be tw een  th e  v a r io u s  t y p e s .  In  
Type I .  c a se s  th e  o n s e t  o f  th e  c o n d i t i o n  was more 
o f t e n  a s s o c i a t e d  w i th  s h i v e r i n g .  The t e m p e r a tu r e s  
i n  th e s e  c a se s  te n d e d  to  r u n  a t  a s l i g h t l y  h i g h e r  
l e v e l  and were l e s s  l i a b l e  to  r e m is s io n s  th a n  i n  
th e  o t h e r  ty p e s .  I n  Group IV. c a s e s ,  more 
e s p e c i a l l y  among th e  a d u l t s  t h e r e  was a  g r e a t e r  
p e rc e n ta g e  o f  c a s e s  g iv in g  a h i s t o r y  o f  p r e v io u s  
r e s p i r a t o r y  d i s e a s e .
B. I n  th e  p r e s e n t  s e r i e s  o f  c a se s  9b lo o d  s t a i n e d  s p u ta
were m et w i th  in  63# o f  t h e  c a s e s .  Among th e  
a d u l t s  80# had b lo o d  s t a i n e d  s p u t a ,  and o f  t h i s  
number 6 7 .9 #  were m et w i th  i n  c a s e s  due to  th e  
f i x e d  t y p e s ,  and 1 2 .3 #  i n  Group IV. c a s e s .  Be­
tween th e  f ix e d  ty p e s  t h e r e  was a s l i g h t l y  g r e a t e r  
in c id e n c e  in  Type I I .  th a n  in  Type I .
C. C o m p lic a t io n s .
The number o f  c a se s  w hich  d e v e lo p ed  c o m p l ic a t io n s  
was r e l a t i v e l y  s m a l l .  Of th e  f o u r  c a s e s  m an l-
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(IV )
(V)
(VI)
T e s t in g  in v o lv em en t o f  th e  n e rv o u s  sy s tem  50# 
were due to  Group IV o rg a n is m s .
M o r t a l i t y
The m o r t a l i t y  r a t e  in  t h e  p r e s e n t  s e r i e s  was 
o n ly  9%. T h is  i s  in  c o n t r a s t  to  th e  h ig h  d e a th  r a t e  
o f  50% in  c a s e s  due to  Type I I I .  pneum ococci.
Lung p u n c tu re
Lung p u n c tu re  a f f o r d s  an  a c c u r a t e  means o f  
o b t a i n i n g  th e  o rgan ism  in  c a s e s  w here sputum i s  n o t  
a v a i l a b l e .  I n  one c a s e ,  th e  ty p e  o f  pneumococcus 
i s o l a t e d  from  th e  lu n g  J u ic e  d i f f e r e d  from  t h a t  
i s o l a t e d  from  th e  sputum .
S i g n i f i c a n c e  o f  a b a c te r a e m ia  in  l o b a r  pneumonia 
The p re s e n c e  o f  a b a c te r a e m ia  i n  c a s e s  o f  
l o b a r  pneum onia, a s  e s t im a te d  by f i n d i n g  th e  pneumo- 
co ccu s  in  2 c . c s  o f  b lo o d ,  i s  o f  g ra v e  s i g n i f i c a n c e .  
In  th e  p r e s e n t  s e r i e s  60# o f  th e  c a s e s  w i t h  a b a c t e r ­
aem ia t e r m in a te d  f a t a l l y .
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B lood c u l t u r e s  i n  pneum onia.
Johns Hopkins Hosp. B u l l . ,  1 3 ,1 3 6 .  1902.
E dw ards , M ., and R o s e n s t e in ,  C.
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V a r i e t i e s  o f  pneum ococci and t h e i r  r e l a t i o n  
to  l o b a r  pneum onia.
J .  E xper. M. V ol. 2 1 .  1915.
The o c c u r re n c e  o f  c a r r i e r s  o f  d i s e a s e  p r o ­
d u c in g  ty p e s  o f  pneum ococci.
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, D igby , L.
B a c t e r i o l o g i c a l  a n d  c l i n i c a l  o b s e r v a t i o n s  on 
pneumonia and empyemata, w i th  s p e c i a l  
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S tu d i e s  R o c k e f e l l e r  I n s t .  M .R esea rch . V o l .29
and C lough , P.W.
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Johns Hopkins Hosp. B u l l .  V o l .2 1 . 1910.
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